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NOTES ON INSURANCE. 


LECTURE BY 
ARTHUR L. STURGE, Esa. 
Deputy Chairman: of Lloyd's Register. 


ReaD OcToBER 15TH, 1932. 


Dr. 8. F. Dory, who presided, said, in opening the meeting :— 


I am in the happy position this evening of finding it a simple matter to introduce our special 
lecturer, as Mr. Sturge is so well-known as our Deputy-Chairman, as Chairman of the Joint Aviation 
Advisory Committee, and also as a past Chairman of the Corporation of Lloyd’s—in fact one of the few 
who have been awarded the Lloyd’s Gold Medal for special services. 


We are greatly pleased to have Mr. Sturge with us this evening, and are all looking forward to 
listening to his lecture, which will, J am sure, increase our knowledge and widen our outlook on the great 
work done by the Corporation of Lloyd’s, with which we are so intimately connected. 


I have much pleasure in asking Mr. Sturge to deliver his special lecture entitled ‘‘ Notes on 
Insurance,” 


Mr. STuRGE. 


Dr. Dorey and Gentlemen: I am sure you have done me a very great honour in asking me to come 
here this evening, and in giving me the privilege of addressing you. You allow me to stand up here and 
all you gentlemen sit glued to your seats for threequarters of an hour listening to what I have to say. It 
is, indeed, good of you to do so. 


Also, I have to thank Mr. Reed for allowing me a title to my effort, which is very wide in scope and 
very general in character. It has given me plenty of latitude to wander about, so much freedom that 
when I began to consider what I was going to say, I very soon lost myself in the maze of alternatives. 


However, I found myself again by asking the obvious question—* Is this Insurance matter one of 
real importance, and one of general interest ? Is it worthy of the attention of a large number of 
business men who are all anxious to get away, after a day’s work, to the bosom of their respective 
families ?”” Well, I venture to think that the answer is in the affirmative, and I will give you just one 
reason why. 


I wondered whether you noticed in the newspapers the other day that Lord Essendon said that 
Lloyd’s Register dealt with about 70 million tons of shipping. Think of the value of 70 million tons of 
shipping. It may be at a discount to-day, but in normal times that 70 million tons represents an 
enormous value. Think of the cargo that is carried on these ships—this also represents a colossal sum, 
and nearly all of it is insured in one way or another. Well, I think that shows that the matter is one of 
very great importance, not only because of the value insured, but also because of the financial transactions 
which are made possible by virtue of these insurances. 


If, for instance, you are a merchant in London shipping goods to South America, you first of all 
buy the cargo, you ship it, get a Bill of Lading, and you go to Lloyd’s and get an insurance policy. 
Then you draw a Bill of Exchange on the consignee of the cargo, because the goods are bought in 
England and paid for in South America, and you do not want to stand out of your money while they are 
in transit. You take all these documents to the bank, and they make you an advance on the value of 
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the cargo. They send the documents mentioned above to the other side, where the purchase money is 
collected and the goods are then delivered to the consignee. These Bills of Exchange become very 
important documents. They form the currency of international commerce. It is largely by means of 
pat that our trade balances are adjusted and international commerce is carried on. My point 
is this :— 


If you went to the bank with a Bill of erg and a Bill of Exchange, and forgot about the 
insurance policy, you would get a poor reception. ‘“ What will happen to our security if the boat is 
lost ?”’ the bank would ask. No, the insurance policy is a very important cog in the wheel of inter- 
national commerce. If that was unobtainable the whole business would be arrested, international 
finance and overseas trade, and, in fact, international relationships generally would be terribly 
embarrassed. It is that little insurance policy which gives security to the basic transactions, and thus 
enables the commercial wheel of the whole world to go round. This seems to indicate the enormous 
importance of the insurance facilities which have developed in the world within comparatively recent 
years. 


I suppose we are all people here to-night with what are called tidy minds, and tidy minds always 
want to know the origin of things, and you will first want to know from me what is the origin of this 
practice of insurance. As regards that I am afraid I shall have to disappoint you. 


It is really astonishing how little is known about the insurance arrangements which existed even in 
the early years of the Christian era. You will hardly believe me when I tell you that until the year 1310 
I can find only one specific reference to an insurance transaction. That is not pure insurance either, for 
it refers to the first steps which were taken by merchants who wished to secure themselves against a 
portion of their marine losses. This reference was found in an edict by the Emperor Justinian in the 
year 533 A.D. 


He was dealing with the question of usury. Usury was very unpopular in those days, and by this 
edict the rate of interest on loans was limited to six per cent, but on Bottomry Bonds, bankers and 
moneylenders were allowed to charge 12 per cent. Perhaps I ought to try and explain the nature of a 
Bottomry Bond. 


In those days, I take it, a shipping enterprise consisted in loading your ship with goods at one port, 
sending it to another port where the goods would be discharged and sold, and further goods would be 
loaded and brought back to the original port of ownership. 


A Bottomry Bond was often arranged as a kind of loan. The moneylender would advance money on 
the enterprise, and when the ship returned safe to port, he received his own back again, and his 12 per 
cent interest as well. So you see he was acting not only as banker, but also as insurer. That is to say, 
if the ship was lost and the merchant’s loss was thus reduced, he lost his money. So in that way insurance 
became associated with usury, and for that reason was for many years exceedingly unpopular. The 
Christian Church and the great Holy Roman Empire set their faces dead against usury, and even to this 
day some people seem to think that an insurance policy is more or less of a bet, little different from an 
ordinary bet at Epsom!! They entirely overlook the fact that in betting a man endeavours to get 
something for nothing. In the case of insurance you compensate a man for the loss he has sustained. 
Hence they are entirely different. Well, there you have this reference to Bottomry Bond, which is, | believe, 
the earliest form of insurance that is known. 


But I cannot help thinking that insurance must have gone hand in hand with the development of 
commerce and of civilisation from the earliest time. In any case, most forms of rulership and govern- 
ment have aimed at the protection of life and property, and as commodities were collected and accumulated 
so people saw the danger of losing them, and, I have no doubt whatever, they made some sort of provision 
to mitigate the severity of such loss. That may be so, but here you have the extraordinary fact that, 
with one exception, there is no mention made during the first thousand years of the Christian era of any 
such arrangemenis, at least as far as I have been able to ascertain. I think there may be some explana- 
tion for this in the fact that, if a man associated himself with a transaction tinged with usury, he not 
only brought himself under the civil law, but under the reproach of the Roman Church. It was a very 
serious thing to be convicted of receiving usury, and if people did take part in such business they 
probably kept the fact very quiet, and so no records remain of such transactions. 
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It is the more difficult to explain this silence on the subject of insurance, when one remembers that 
law and custom in connection with maritime commerce were well established by this time in the 
Mediterranean. Evidence of this is to be found in the old Rhodian Law of unknown antiquity. This 
law is called “The Rhodian Law” because it emanated from the island of Rhodes in the Mediterranean. 
It deals particularly with the question of general average, and it inculcates a principle which has held its 
own ever since—the principle of general average. Many of you will know what that means. 


It means that when a peril of the sea arises and certain sacrifices have to be made—a cargo thrown 
overboard or tackle destroyed—for the safety of the ship and cargo and the common venture, such losses 
are shared by all concerned. If, for instance, the deck cargo is thrown overboard to lighten the ship, 
the loss does not fall on the owner of the deck cargo only, but the owners of the ship and the freight 
and the cargo generally all contribute towards that loss. That is one of the risks that fall on the 
Underwriter of an insurance policy. He has to pay any claim for general average, and therefore he is 
much interested in the survival of this very ancient law. The word “ Average” is a singular one and 
has been used and misused more than most others. There is also the term ‘ Particular Average,” 
which means definite or particular damage to any part of the ship or cargo. Then, of course, some of 
you in your policies will remember the term “Subject to Average.” That is another use of the word 
that I will not stop to explain. I have heard that in a general knowledge examination paper at one of 
the Public Schools, the question was asked, ‘“ What do you understand by the word ‘ Average’?” A 
boy replied, ‘‘ Average is the thing the hens lay on””—another misuse of the term ! 


But this is by the way. We have been talking of Europe in the Dark Ages. Let us leave that 
and find our way to Northern Europe and to Bruges in the year 1310. Bruges in those days was the 
capital of the Hanseatic League, a4 we find there definite evidence of a long established system of 
assurance. The Hanseatic League was the great trading corporation which controlled the trade of the 
north of Europe, to which I will refer later. At Bruges in 1310 there was a Chamber of Assurance. 
That is the beginning of the 14th century, and from the 14th century onwards you can find many 
references to insurance, particularly in Italy, Genoa, Pisa, Florence, and Venice. 


In Venice, it is recorded that, near the Rialto, there was a street call “ Assurance Street,” which 
clearly proves that the methods of insurance were practised there. 


Then we come to the 15th century, and here we have a record at Barcelona which is intensely 
interesting. 


It is a singular thing that, from the earliest times, evilly disposed people have seized upon the 
opportunity that insurance offers for perpetrating fraud. This is what seems to have happened in Spain, 
and I should like to read to you an extract from an excellent little book written recently by Mr. A. E. W. 
Mason for the Royal Exchange Assurance Company on the occasion of their bicentenary. Mr. Mason 
says : 

“The Magistrates of Barcelona, certainly on four separate occasions during the 15th century, 
formulated rules which were one and all intended to prevent the over-insurance of unseaworthy 
ships—a growing scandal and danger of those times. The Barcelona trade was mainly with the 
ports of Italy, and the Grand Council of Venice, before the century was over, followed in the 
footsteps of Barcelona. The Venetian Decree starts by declaring that, owing to the perverse 
nature of mankind, people wil? quarrel about money matters, and proceeds to deal with such very 
modern dangers as that arising from carrying an excessive cargo on deck. Ordinances issued in 
Venice were certain to find their way into England, for the Italians, or Lombardy men as they 
were called, had already gained a solid footing in England.” 


It is interesting to note that the “rules” and edicts were not all directed against the assured ; 
sometimes they hit at the Underwriters. One refers to “the pernicious and detestable habit of disputing 
insurance claims upon frivolous causes.” 


Another, which I think is very much to the point, says: “ Finally it is ordered that Underwriters 
shall pay for damage or loss not later than four months after the same has been truly asserted under 
penalty of prompt execution.” 


That was in 1435. 
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Now, a few words about insurance policies. The first policy which is known to exist is dated 1523 
It is a Florentine policy in Italian, but the interesting thing is that our present marine policy, which I 
dare say you may have seen, is couched in very quaint and medizval terms. These terms have evidently 
survived from the early days of the 16th century. They are very much the same as those found in the 
Florentine policy of 1523. 


Then I find that there is a policy dated 1555 on a ship called the “Sanora Cruz.” That is inter- 
esting because it refers to arrangements for arbitration. In those days, policies of insurance had no legal 
status or force of law behind them. It was not until Queen Anne’s reign that any action could be taken 
against a man for defrauding an Underwriter. That disability may again be related to the fact that an 
insurance policy was for many years regarded as an act of usury. You could not punish a man for trying 
to swindle an Underwriter, any more than you can summon a “bookie” to-day for not paying a bet. 


May I now read to you something from the ‘History of Lloyd’s,” written by Mr. Charles Wright 
and Mr. ©. E. Fayle? They say: 


“ Assurers and assured, in the spacious days of Elizabeth, appear to have avoided litigation as 
much as possible. In the words of the Privy Council, insurance was a matter which ‘consistethe 
and standeth much upon the orders and usages of merchantes by whom rather than by course of 
law yt may be forwarded and determyned,’ and the policies of the time frequently provided that 
the parties would be bound by the customs of Lombard Street. Sometimes they contained a 
specific arbitration clause. That in the ‘Sancta Crux’ policy of 1555 is worded with somewhat 
cynical brevity : ‘We promys to remyt yt to honest merchaunts and not fo go to the lawe.’” 


sey you have been wondering all this time why there are no records of insurance in England— 
England, the great leading naval Power. But we must remember that in those days England was not in 
the picture at all. She had no foreign trade or mercantile marine. All her trade was in the hands of 
the members of the Hanseatic League and the Lombards, and in order to get a picture of how insurance 
took root in England I must detain you a minute or two to give you some idea of the characteristics of 
these historic communities and how they established themselves in England. 


Again I read from Mr. Mason’s book, in which he relates that : 


“The Stillyard was, to the modern understanding, one of the strangest institutions which the 
world has ever seen. It took its origin from the debts of the early English kings and the money 
with which the German traders from the Baltic, the Easterlings, as they were called, were able to 
provide them. These Hasterlings or Emperor's men were the representatives in England of the 
famous Hanseatic League, and for the greater part of the five centuries which followed upon the 
reign of Edward the Confessor they used England’s inability to finance her wars on the Continent 
and her crusades in the east, to fix a stranglehold upon British commerce. They were established 
in rights and privileges which no English shared with them; they paid fixed taxes, they held a 
monopoly of the export of the most valuable raw materials, such as wool, and of the import of the 
most valuable finished products. 


“In 1303, Edward the First, when replying to a petition, presented by the Mayor, Aldermen 
and Commoners of the City of London, asking that the Lombards might be forbidden from 
dwelling in the city, acting as brokers, or buying and selling by retain, stated that, if the citizens 
would put the city under good government, no foreigner should be allowed so to dwell or act in the 
city or its liberties, save and except the merchants of the Hanseatic towns. They were exempted, 
moreover, from the particular service of keeping watch against the pirates, who from the 13th to 
the 16th centuries infested the Channel and the mouth of the Thames. This exemption is all the 
more remarkable since the Alemanes, having practically the monopoly of the sea-borne commerce, 
were the first to benefit by that vigilance. 


“The Members of the Stillyard lived upon the monastic plan. No guild or corporation or 
trades union which ever existed set so strict a limit to the number of its members. Its great yards 
and buildings stood upon the bank of the Thames where to-day the arches of the South Eastern 
Railway carry the lines into Cannon Street Station. The walls were fortified against attack—a 
very necessary precaution considering the ill-feeling which the yard aroused amongst British 
Londoners. No member of the Stillyard was allowed to marry or even to visit any person of the 
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other sex. At a fixed hour in the evening all had to be at home, and the gates were rigidly 
closed, and at a fixed hour in the morning the gates were opened again. All meals were 
taken in common, and the members submitted themselves to a government, which consisted of a 
Master, two Assessors, and nine Common Councilmen. It can easily be imagined, therefore, what 
power a body of this kind possessed, a body without home life or any interests except its commerce, 
having besides not only the Crown of England in its fee, but the monopoly of its greatest product, 
wool—for it was said in the 14th century that England with its wool kept the whole world warm. 

“ Yet to destroy it was again not all of Sir Thomas Gresham’s policy. He meant, while destroying 
it, to graft upon English commerce the business methods by which the Hanseatic League had 
achieved its pre-eminence. Amongst these methods, by the way, was insurance.” 


That, I think, gives a graphic picture of the life and the functions of the Hanseatic League in 
London at that time. 

Turning to the Lombards, they fled from Italy during the 13th and 14th centuries, when Lombardy 
had become the battle-ground of Europe. The German Princes and Kaisers were constantly fighting, 
and the Guelphs and Ghibelins were in a constant state of warfare, and the fighting generally took 
place in Lombardy. At one time Lombardy was a very prosperous country containing many a wealthy 
town and city, but it was so devastated by this constant warfare that those Italians who were young and 
enterprising and could put a little money in their pockets fled the country, and many of them came 
across to England and to Flanders. They were very well received in England, because the King was in 
need of money—badly in need, because he had pretty well exhausted the Jews, and the city would lend no 
more. So he turned to the Lombards, and in exchange they were granted favours, and in other ways 
welcomed and accommodated. 

In those days, there was a strict regulation that aliens should not have houses or separate dwellings, 
but that the Mayor and Aldermen of the City of London should arrange lodgings for them in various 
English homes. The Lombards appealed against this, and in exchange for adequate loans of money the 
King granted them a strip of land, which is described as being between Bishopsgate and the Thames, 
and through it ran a stream called Longbourne. That stream arose at Fen Church, and was after- 
wards called the Langburn, and it no doubt still flows underground through that part of the City of 
London which is known as the Langborn Ward. I expect you are more familiar than I am with the 
Langborn Restaurant—just off Lombard Street. 

This swampy piece of land they accepted eagerly, building lines of houses in the Italian style, and 
there the Lombards dwelt in comparative peace and safety for centuries, trading with Southern Europe, 
lending money, dealing in precious metals and jewellery, and finally laying the foundations in a 
primitive and simple way of that vast international banking system which will always be associated 
with the name Lombard Street. 

Fortunately for England there was at this time abroad a spirit of energy and enterprise and 
intellectual activity—I refer to the Elizabethan Age. Sir Thomas Gresham, realizing, no doubt, that the 
Easterlings and Lombards had little more to teach us, sent them about their business, and from that time 
England’s commerce increased by leaps and bounds, until she became the leading commercial nation of 
the world—leader eventually and emphatically in matters of insurance above all things. 

Now let us for a moment look at London in the Elizabethan days. I expect you have seen a map 
of London and the Thames in those days. It shows a streak of very densely crowded houses on the 
north side of the river, beginning at Whitehall and ending at Blackwall. There were practically no roads, 
and the Thames itself was the thoroughfare. Behind you see the hills of Hampstead. Smithfield and 
Moorfields were really fields then. We must not forget that London was an exceedingly small place in 
those days with a very small trade. It hada population of 125,000, and, as an index of the size of London, 
someone writing of the year 1567 said: ‘‘ There were only 58 Scotsmen found in the City this year.” Now 
London contains more Scotsmen than Edinburgh itself. 

But the interesting reflection is that where we are now standing was at that time the most fashionable 
part of London. As you may know, Thomas Walsingham lived in Mark Lane, and Lord Essex, who was 
the Court favourite in Queen Elizabeth’s reign, had his house in Seething Lane. 

However, it was in that reign that insurance practices established themselves in London, but in a 
very casual, rough-and-ready manner. The Underwriters were merchants, bankers, shipowners, money- 
lenders and others. We can only imagine the way insurance policies were signed was by taking them 
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from one office to another, or seeking out the Underwriter at his favourite tavern. It was a long and 
laborious business. I have here a copy of the signature upon an insurance policy. Hach signature had 
to be written out by hand, thus : 
“£100. I John Berry am content with this Assurance, which God preserve, for one 
hundred pounds, this twentieth day of January, 1689.” 

These Underwriters were called the Merchant Assurers, and in that way for about one hundred years 
the business was carried on in the city. 

During Queen Elizabeth’s reign, I may mention, Life Assurance was established. The first life 
policy is dated 1583, whilst in connection with Marine Insurance a man named Chandler approached 
the Government and Queen Elizabeth in 1574, and was granted a monopoly for the establishment of an 
“ office of assurance” in the Royal Exchange, where all policies were to be registered. 

Now we come to the first English Act of Parliament relating to insurance. It was passed in 1601, 
and its object was to “establish a court for the hearinge and determynage of causes arisinge from 
pollicies of assurance.” 
= I will read an extract from Mr. Wright and Mr. Fayle’s book, giving the preamble to that Act. 

ey say: 
“The preamble to the Act establishing this Court of Assurance deserves quotation, as a 
very early summary of the benefits of insurance. It runs as follows : 


“Whereas it hathe bene tyme out of mynde an usage amongste Merchantes, both of this 
Realme and of forraine Nacyons, when they make any greate adventure (speciallie into 
remote partes) to give some consideracon of Money to other psons (which comonlie are in 
noe small number) to have from them assurance made of their Goodes Merchandizes, Ships 
and Things adventured . . . whiche course of dealinge is commonly termed a Policie of 
Assurance ; by meanes of whiche Policies of Assurance it comethe to passe, upon the losse or 
perishinge of any Shippe there followethe not the undoinge of any Man, but the losse 
lightethe rather easilie upon many, than heavilie upon fewe’ : 


words which Lloyd’s to-day might be proud to take as their motto.” 


Then, as you know, after Queen Elizabeth’s reign England fell upon troublous times. All through 
the Stuart days political mismanagement and intrigue rendered life uncertain and troubled, but in spite 
of these hindrances the merchants in the City of London hammered away, rapidly increasing the sphere 
of their operations, and we note that insurance as well as other enterprises developed apace. ‘Things went 
on pretty much as I described them until towards the end of the 17th century, when coffee and tea were 
introduced into London, a fact that made all the difference in the world to the Merchant Assurers. Up 
till that time the underwriting business had been carried on in merchants’ offices or in Lombard Street, 
possibly in the Royal Exchange, and in the taverns surrounding both. When coffee-houses were established, 
they became, many of them, commercial meeting-places, and centres for various trades and callings. Very 
soon Lloyd’s Coffee-house became the centre of the insurance community. The subject of London 
coffee-houses is so interesting that I cannot do better than read this: 


“‘Coffee-houses are said to have been first introduced into this country in 1650, when a Jew 
named Jobson started one in Oxford. According to Timbs, the first coffee-house in London was 
opened in 1652, in St. Michael’s Alley, Cornhill, by Pasqua Rosee, a Ragusan youth, brought from 
Smyrna by Mr. Edwards, a Turkey Merchant. The ‘Rainbow Coffee-house’ in Fleet Street was 
opened by Farr in 1656, and in the following year he was accused of being a nuisance to his 
neighbours ‘for making and selling of a drink called coffee, whereby in making the same he 
annoyeth his neighbours by evil smells.’” 


At that time a duty of fourpence was levied upon every gallon of coffee made and sold. The success 
of the coffee-houses seems to have been so great that it alarmed “the Trade” of the period. In a 
pamphlet dated 1673, “‘A Lover of his Country” suggests that they should be suppressed. 


“For coffee, tea and chocolate, I know no good they do; they greatly hinder the consumption 
of barley, malt and wheat ...and coffee-houses have done great mischiefs to the nation and 
undone many of the King’s subjects... they have been the ruin of many serious and hopeful 
young gentlemen and tradesmen, who, before they frequented these places, were diligent students 
and shopkeepers.” 
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Two years later these houses were closed by an edict of Charles II, as being the meeting-place of 
seditious people. The order was annulled about a year later, the “ master” of the house being made 
responsible for the good conduct of the frequenters. 


The exact date when Lloyd started his coffee-house is not known. Martin, in his “ History of Lloyd’s,” 
states that the first notice of Lloyd’s to be found anywhere is in the “ London Gazette” of February, 1689. 
It is a request that information be sent to Mr. Edward Lloyd at his coffee-house in Tower Street. The 
information required was with regard to ‘ta middle-sized pock-marked gentleman, in an old brown 
riding-coat and a black bever hat.” He was ‘‘ wanted” in connection with the disappearance of five watches. 


From another advertisement concerning a runaway negro named “ Will,” it appears that the 
coffee-house was still in Tower Street in March, 1691. 


In October, 1692, an advertisement in the ‘* Gazette” shows that Lloyd had moved to Lombard Street. 


Edward Lloyd—who has given his name to the great Underwriting Corporation—was evidently a 
man of some standing. In 1702, he was Churchwarden of St. Mary Woolnoth in Lombard Street. He 
was apparently a man of considerable charm, for he was married three times, his wives bearing the 
eminently respectable names of Abigale, Eliza and Martha. 


Lloyd died in 1712, and was buried on 14th February of that year. In a codicil to his will of 
21st January, made when “weak in body but of sound and disposing mind,” he left the lease of his house 
—presumably the coffee-house—to William Newton, who, a few days later, married “ Handy,” daughter 
of Edward Lloyd, the ‘ Coffee Man.” 


We are told that “in London there was a prodigious number of coffee-houses, the constant 
rendezvous for men of business, as well as the idle people, so that a man is sooner asked about his 
coffee-house than his lodgings ; also that all those about the Exchange where the merchants meet to 
transact their affairs are in a perpetual hurry about stock-jobbing, lying, cheating, tricking widows and 
orphans and committing spoil and rapine on the public.” 

The earliest reference to Lloyd’s by writers of reputation is of a more kindly nature. Addison, in 
1700, when speaking of his ‘ Wealthy Shopkeeper,” says : 

He like the rest, as busy as a bee, 
Remains among the hen-pecked herd till three, 
Thence to Lloyd’s Coffee House. : 

Steele, in the “ Tatler” for 26th December, 1710, mentions the fact that ‘This Coffee House 
being provided with a pulpit for auctions, it was the custom on the first coming in of news, to order a 
youth, who officiates as the kidney of the coffee-house to get into the pulpit and read every paper with 
a loud and distinct voice, while the whole audience are sipping their respective liquors.” 


The auctions referred to seem to have been confined chiefly to ships, but they formed part of the 
regular business of the coffee-house for many years. 


I notice that from one of the histories, speaking of Lloyd’s Coffee-house, it appears they did other 
things than sell by auction. There is an advertisement of ‘‘a fresh stone horse (entire horse) out of 
Yorkshire—60 guineas value—to be thrown for by dice,” and another “of a negro maid about 16 years 
named Bess.” She was sold by auction. 

Now my time is exhausted, so I must refer only briefly to the fact that in 1680 the Pheenix Fire 
Company started, and in 1694 the “‘ Hand in Hand,” but apparently there was no effort made to start a 
Marine Company. 

In 1696, “ Lloyd’s News” was published. No. 8 of “ Lloyd’s News,” dated 17th September, 1696, 
is still in existence. 


In 1717, the South Sea Bubble developed and broke. You may wonder what it has to do with 
insurance, but the South Sea Bubble has a very close association with insurance, because the frauds then 
perpetrated in connection with insurance were very serious. People in those mad days took every 
opportunity of establishing all kinds of wild-cat companies, and the frauds were so serious that a petition 
was made for investigation into insurance methods in London. ‘That petition had important results in 
the establishment of two chartered marine companies—the London Assurance and the Royal Exchange. 
They were established in the year 1720, and together with Lloyd’s continued to hold a monopoly of the 
insurance business in London and probably in England for about 120 years. 
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They gained their Charter by purchase from George I. Each promised him £300,000 towards his 
ay Purse, and on that they got their charters, but in two or three years he was obliged to let them off 
alf of it. 


Mr. Mason has again written graphically about the South Sea Bubble period. May I read a part of 
what he says? : 


“It is curious that, although the idea of insurance is utterly opposed to that of gambling— 
the one aiming at rapid gains, the other merely at protection from loss—still insurance took its 
origin from the doctrine of chance as observed at the gaming tables, and led to the discovery of 
quite a new form of gambling, which achieved an extraordinary vogue in the first half of the 18th 
century. It was a period of fine clothes and callous natures; of high costs and lavish expenditure ; 
of turbulent politics and grave risks. Such a period was the very soil in which gambling and 
speculation were sure to flourish. But, even so, the rapidity and ingenuity with which the 
possibilities of gambling, by means of this new-fangled fashion of insurance, were recognized, are 
quite remarkable. Indeed, during the greater part of this period, gambling in policies altogether 
superseded the legitimate business of insurance. 

“Tt is difficult to imagine the state of indignation which would have been aroused if, during 
the late war, when the King went to his troops in France, great premiums had been asked and paid 
against his return. Yet that happened to his predecessor in the 18th century. When George II 
fought at Dettingen, 25 per cent. was openly paid against his return. The movement of Charles 
Edward, the Young Pretender, in 1745 provided one with a sensation of terror in the morning, and 
an opportunity of putting some cash into one’s pocket in the afternoon. ‘There were no daily 
newspapers, and in much later days, when Wellington was fighting in the Peninsula, the news of 
Basaco and Badajoz took a fortnight to reach London. Charles Edward’s march to Derby at the 
head of his dreaded Highlanders, and his retreat, put a good deal of money into the hands of the 
assurers of Lloyd’s and the members of Garraways. Nor, when this rabble had melted away, and 
he himself was fugitive in the Western Islands, was their ingenuity ata loss. The Young Pretender 
was insured against capture ; he was insured against decapitation, and if the poor youth could only 
have gathered up the money which was wagered one way and another upon his luckless head he 
would have had enough for another fling at the Throne. 

“A dispute, which provoked a commotion almost inconceivable to us, was concerned with the 
Chevalier d’Eon. Can you imagine a Frenchman of distinction coming to England upon a 
confidential mission, quarrelling with the Ambassador of his country, accusing err this or that 
statesman of treachery, and finally arousing the most widespread doubts as to whether he was a man 
or a woman ?—yet this very thing did happen to Charles Louise August d’Eon de Beaumont, and we 
hardly need to be told that the assurance brokers of the City of London found this spicy problem 
very much to their taste. Policies were opened by which it was undertaken that, on payment of 
fifteen guineas down, one hundred should be returned whenever the Chevalier was proved to be a 
woman. The Chevalier, after some passing pretence of indignation, graciously allowed that, at a 
certain coffee-house, at the hour of noon, he would satisfy all whom it might concern. As may be 
easily imagined, the insurances were immediately and greatly increased, and there should be no 
reasonable doubt that the Chevalier got in return for his condescension what nowadays we should 
call a ‘ rake-off.’ 

“At the appointed hour the Chevalier appeared in the uniform and decorations of an officer, 
and, claiming to belong to the sex whose dress he wore, challenged anyone present to disprove it 
with sword or cudgel. 

“ This was not the sort of solution of the problem which commended itself to the citizens of 
that day, and all the more since the Chevalier was known to be remarkably expert with the small 
sword. The crowd of Underwriters and Brokers dissolved, leaving the great question of the 
day unanswered.” 


Now this is why I read this. An action was brought in the Court of the Lord Chief Justice Mansfield, 
who gave the decision to which we have already referred. An act had already been passed that insurance 
made on the life of any person on the account of another who had no interest in that life should be void. 
Lord Chief Justice Mansfield laid it down that the same principle should be held even when the policy 
was not a policy on life. 
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Now, gentlemen, [ have over-reached the time, and I am very much obliged to you for the kindness 
with which you have listened to me. I do not think I should detain you any longer, except to note that 
in the year 1774 Julius Angerstein induced Lloyd’s to move to the Royal Exchange, and there they stayed 
until 1928. 

In that year, the King opened the new building in Leadenhall Street, and I will now conclude my 
remarks by quoting His Majesty. On that occasion he responded to the Address which was given to him 
with these words : 

“Your Address rightly alludes to the beneficent principle which underlies all insurance, the 
sharing of one another’s burdens. By the development of this ideal the community is linked 
together by mutual duties and service, and in this way a shock, which would have overpowered 
the individual man, family, or partnership, is so widely distributed that it can be harmlessly 
absorbed. It was a very wise man who, nearly three thousand years ago, said : ‘ Two are better 
than one . . . for if they fall the one will lift up the other ; but woe to him that is alone when he 
falleth for he hath not another to help him up.’ And as insurance creates a bond of union 
between citizen and citizen and between nation and nation, so it holds together the fabric of 
civilized society and is conducive to International Peace.” 


Dr. Dorzy. 


I am sure we have had a very happy evening, and I think we may well say it is the happiest 
special lecture we have had. It all goes to show that, if you want a good thing, you will find it at home. 

Mr. Sturge has given us in this lecture some points in the history of a subject in which the staff of 
Lloyd’s Register are particularly interested, and we are very pleased to have him with us. Also it is a 
great pleasure to have our Three Chairs present this evening, and I am sure this is a fitting opportunity 
to say how thankful we are to them, and grateful for the assistance they have so readily given us in the 
printing of our transactions and in other ways. 

I will now call upon Mr. Cedric Glover to propose a vote of thanks to Mr. Sturge for the admirable 
lecture he has delivered. 


Mr. Crepric GLOVER. 


It is with very great pleasure that I move a vote of thanks to Mr. Sturge for his lecture to which 
we have just listened. 

I came into this room believing assurance to be a matver of unintelligible words, and premiums 
which I had to pay every year as a propitiation to the god of chance. I leave it now with deep respect 
for its long history and its usefulness to the world at large. 

I shall have great pleasure if someone will second. 


Mr. W. THomson 
then seconded the motion : 

I am sure, Mr. President, that as a past President of the Staff Association, it gives me very great 
pleasure to second this vote of thanks. Until to-night I was rather under the impression that the subject 
of marine insurance was one far too beset with intricacies for a member of the staff of Lloyd’s Register 
ever to understand it. 

_On various occasions it has been necessary for me to assume a certain superficial knowledge of the 
subject, generally in company where the distinction between Lloyd’s and Lloyd’s Register was not 
understood. 

_After listening to Mr. Sturge’s very interesting historical survey of the growth and ramifications of 
mre insurance, most of us will find it a matter of interest and pleasure to pursue this subject in greater 
detail. 

I am sure that knowledge will repay Mr. Sturge in some measure for the labour he has expended on 
the lecture. It will be read by all the Members of our Association in the various outports with the greatest 
interest, and on their behalf and our own I would ask you to join very heartily in this vote of thanks. 


Mr. Sturce briefly replied and the meeting then ended. 
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ELECTRIC WELDING AS SEEN BY THE 
OUTPORT MEMBER. 


By A. G. AKESTER. 


Reap 147H Decemper, 1932. 


It comes rather as a surprise that although we are in our thirteenth session no paper on electric 
welding has yet been submitted to our Staff Association. 

It is true several references have been made to this subject by individual members, either in their 
own papers or in discussion from time to time, and these have been mainly on the engineering side, but 
no one has drawn attention to electric welding as applicable to ship construction. 


It may be [ am greatly daring in attempting to do so, but, with all honesty, I think that some useful 
purpose might be served at this juncture by focussing the attention of colleagues upon a subject that 1 
think will be of vital importance to our Society and the shipyards generally in the near future. 


The recent publication of amended Rules for the more extended application of electric welding 
to ship construction by our own and other classification societies, and the paper* given by Dr. Montgomerie, 
in conjunction with Mr. Foster King, at the Spring Meetings of the Institution of Naval Architects, may 
well prove to be the starting point of the welded ship era. 

As the title of the present paper indicates, it is the intention to give the outport surveyors’ views on 
electric welding. For this to be of any use, an active and free discussion is essential, for the paper by 
itself can only embody one person’s views, or at best those of a particular district. 


OFFICIAL CIRCULARS. 


Pronouncements from London on the subject of electric welding during the last twenty years or so 
have been few and far between, although some have been of the utmost importance. 

I think the earliest reference to electric welding in the form of an official circular was issued in 
August, 1911, and it is most interesting to look back upon it now. ‘The circular states that the first case 
of any repairs to boilers of classed vessels being effected by electric welding was one in which some small 
repairs to the combustion chamber seams were satisfactorily carried out in March, 1906. 

This repair had been surveyed on several occasions since and found satisfactory, 

The first recorded repair on the hull side was that of a cast steel sternframe, which was broken at 
the lower part of the sternpost, and was welded in place in November, 1907. On subsequent examination 
in dry dock in May, 1908, this repair appeared to be quite satisfactory, but on further examination in 
June, 1909, the sternpost was found to be cracked about four inches above the part previously welded, 
and a new sternframe was then fitted. 

Up to the date of the circular there had been some 20 cases of repairs to the hulls of classed vessels, 
made up of two broken sternframes, eight flaws or cracks in sternframes, seven defects in rudders, and 
one each in stem, keel bar and shell plating. 

The two following tables were also given showing not only how the use of electric welding was 
growing for repair purposes but also that of oxy-acetylene. 


*Electric Arc Welding in Ship Construction, read March 16th, 1932 


2 


Summary of the number of classed vessels in which repairs had been effected by :— 
(a) Evectric WrELpine. 


1906 1907 1908 | 1909 1910 1911 Total. 


| 
baat -—— 6 months 
Boilers ws, 2 it }° 4a) | 40 87 26 160 
Hulls oe ead ina 1 See 1 | ee ae | 
| | | i { pre Sm Se 
180 


(b) Oxy-ACETYLENE WELDING. 


| 
1906 1907 | 1908 | 1909 | 1910 1911 Total. 
| ad _6 months | avis 
| 
Boilers BY. it 2 8 75 87 146 70 388 
Hulls wa ¥r ats 4. | ll 8 18 20 638 
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Nearly all the cases proved satisfactory, although one failure was reported in which an unsuccessful 


attempt had been made to weld by oxy-acetylene three damaged bulb angle frames after they had been 
cut and faired. 


Tests with WELDED STERN FRAME. 


Reference was also made to the case of a forged iron stern frame 7} ins. by 54 ins. which had been 
fractured at the heel of the propeller post and had been purchased by an electric welding company in 
order that they might repair the same by their process and demonstrate the efficiency of the repair by tests 
suggested by this Society. 

The frame was placed in a vertical position—the same position it would occupy if repaired without 
removal from the vessel, but without being rigidly secured—and the fractured part repaired and welded. 


In order that comparative tests might be made, the rudder post was cut through and welded, and two 
pieces were afterwards cut out of this post, one containing the weld while the other was from the sound 
position, these being for the purpose of making comparative tensile bend and torsion tests. The portion 
of the sole piece containing the weld was also cut out and subjected to percussion tests in order to ascertain 
the efficiency of the weld. 


These tests showed that progress had been made in the practical application of the process and that 
in the hands of careful and experienced workmen a good repair could be made, but the “weld” in this 
instance was not equal to the original material as regards its elongation under tensile test, or its ability to 
withstand bending and torsion tests. 


In these circumstances, and having regard to previous experience with the system, it was considered 
that the time had not yet arrived for general and unqualified approval to be given by the Society for 
repairs to such important forgings or castings as stern a a ers and the like when effected by this 
process, or to consider them as permanent repairs. 


The memorandum finished on this note :— 


“as further experience is obtained with forgings and castings in seagoing vessels which have 
been repaired in this manner, it may perhaps be considered proper hereafter to recognise such 
repairs as being of a permanent character, but this can only be as a result of continued observa- 
tion and experience.” 


We have not advanced very far in relation to these specific items, yet with little more than the war 
period intervening, i.e. in August, 1918, it was reported that in view of the satisfactory results of extensive 
and exhaustive tests of electric are welding carried out under the Society’s supervision, the Committee 
decided to adopt Provisional Rules for the Classification in the Register Book of vessels electrically 
welded, subject to the notations “ Experimental” and “ Electrically welded.” 


System oF WELDING. 


The approval of the Society was subsequently given to any sys/em of electric welding which complied 
with certain tentative regulations and tests and this resulted in the list of approved welding firms with 
which we are all familiar. 

In the year 1922 a more general circular was issued which dealt not only with new construction, but 
also with repairs to hull and machinery. A new list of minor and non-structural items was also given, 
the first having appeared in 1919, items which were not subject to restrictions regarding the system of 
welding employed. 

Welding as a means of repair of rudder stocks was not approved, while repairs to stern frames, oxter 
plates and the like were still only considered to be temporary, but could be accepted as permanent if, on 
examination after a sufficient lapse of time, they were found to be satisfactory. 

This tended to produce a growing Special Reasons List, although it is safe to say a large and varied 
number of electric welded repairs received the approval of local Surveyors without ever being listed. 

On the other hand many temporary repairs outlived their period of probation long before they were 
made permanent, as lengthy lists of deferred reports showed. Happily there has been some abatement in 
this respect of recent years. 

In the early days of electric welding, i.e., in its application to ships, it was the system that counted. 

The firms that were approved were makers both of electrodes and plant, and their system comprised 
the use of the one with the other. Thus makers of electrodes alone were not included in the approved 
list, nor makers of the machines. 

Hence the position was well defined. As however, the use of electric welding became more extended, 
especially in branches of engineering other than shipbuilding, the position became much more complex. 

Firms sprang up solely for the manufacture of electrodes, others for the manufacture of welding 
machines, while others again acted as operating welders simply. It was thus possible to combine the 
approved electrode of one firm with the approved plant of another, or even to use any approved electrode 
with any plant considered suitable. 

There were also many operators doing good work who yet came under none of the above categories. 

Further, although approval had been given to firms as the result of tests carried out, say with one 
specific type of electrode, with the lapse of time a greater variety of electrodes had been introduced, and 
with improvements in plant it is more than likely that welding firms were operating under conditions 
totally different from those under which they were approved. 


APPROVED List oF Frrus. 


Yet through what may be called the intermediate years in welding construction the approved list of 
welding firms published by the Society has been a great standby, and for this reason. The approved 
welding companies inspired confidence. At first they were generally called in to do work, especially in 
repairs, that would entail a considerable saving to the owners, and as a result the cost of welding was of 
secondary importance. The welding company would, therefore, be able to give every attention to the 
work and the responsibility for such being upon them, they saw to it that in so far as it was humanly 
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possible to do so, they gave satisfaction. So far as the surveyor was concerned, if he were satisfied that 
the work was being undertaken by a recognised and qualified welding firm, it would be sufficient to 
examine the work in progress only occasionally, especially if it had to be tested finally by water pressure, 
much in the same way as he would keep his eye on riveting. 

A new position would appear to be opened up by the publication of the revised rules for welded ship 
construction. 

The systems of the welding companies have gone by the board. The test specimens are to be 
prepared under ordinary working conditions in the shipyard, by the yard operators, using the yard plant. 
At the same time there would appear to be more control in regard to the manufacture of electrodes. 

It looks, therefore, as if the work previously done by welding companies will, in the future, be 
effected by shipyard workers as an ordinary routine job, and the welding companies will confine their 
efforts to the manufacturing side. 

The shipyards will only buy plant and use electric welding if they tind it cheaper to do so. The 
commercial aspect at once looms large, and welding companies, even if asked to do work for the ship- 
builders, will have to come down to their competitive shipyard basis. 

The responsibility for welding work will, in the future, be thrown back upon the shipbuilders and 
surveyors, and will not rest so much upon the welding companies, who have borne the brunt of the 
responsibility in the past. 

I shall have something to say about the new tests later on. 


Exvecrric Weupine To-pDay. 


What is the position in regard to electric welding in industry to-day ? 

From what one can judge, both in America and Germany, the use of electric welding has developed 
in the shipyards at a rate comparable with its expansion in other industries. 

But this is not the case in our own country. We led the world in the initial application of electric 
welding to ship construction, but we have since been left behind. 

Of recent years this is no doubt due to lack of actual ship building, for it is on repeat work where 
the welding is seen to the best advantage. Some British shipyards have, however, aiveady developed the 
use of electric welding to a considerable extent, and look upon the present lull in shipbuilding as an 
opportunity for further experiment and research. 

The “ Welding Journal” for April, 1932, a British publication, and in its 29th year, said :— 

“Tt is seldom that Britain follows the example of other nations in the principle of naval 
architecture. In German and American ships, welding has long superseded riveting as a weight 
saving expedient. This method is to be tried for the first time in British naval construction in 
the building of the new cruisers ‘ Leander’ and ‘ Achilles.” 


This may be a somewhat unjust criticism, since the reason why Britain seldom follows other nations 
in ship construction is because she so often leads them. It is, however, known that firms tendering for 
the work of the latest naval programme have the opportunity of submitting welding designs wherever 
possible, and it is safe to say that electric welding will be used to a far greater extent in the construction 
of these ships than has been the case in any other British warships. 

Another extract says :— 

“ Are welding has been in use by the U.S. Navy since 1917, when sabotaged engines of seized 
German liners were repaired by this process. Since displacements of naval vessels have been 
limited by international treaties, the navy has begun to look upon arc welding as a standard 
method of construction. 

The process is supplanting riveting over a wide range of application in increasing amounts on 
each new ship, as it becomes more and more evident that lighter structures of equivalent strength, 
rigidity and shock resistance may be obtained by welding.” 

Doubtless the German “pocket” battleship of a few years ago did much to set the fashion in this 
respect. 
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GERMAN WeLpine Cope. 


Germany would appear to be well ahead, both in the application and control of electric welding. A 
year or so ago a new German constructional welding code was instituted, which seeks to govern the issue 
of licences to constructional engineers who wish to undertake this class of work. 

Not only have they themselves to pass an official test, but they have to employ supervising engineers 
who in turn must submit each welder they employ to a specified test every three months and keep a 
detailed record of same. 

No welder who has not qualified by means of these tesis is allowed on welding structures. Special 
certificates are granted to those welders who do overhead work. 

Full particulars of the welds are required to be shown clearly on the drawings and where welds are 
carried out on the site they are to be clearly marked on the steel in the shops before despatch to the site. 

Welding is not permitted on any structure if the temperature is below 5° C. of frost, nor must it be 
exposed to rain or snow. 

Not a great deal is said in the code about electrodes, which may be bare wire or coated, so long as 
the resulting test pieces satisfy the minimum tensile strength and elongation prescribed for them. 


Leipzie Farr. 


It is stated that at the recent Leipzig Fair the constructional welding exhibits showed the influence of 
these new regulations. The designers had already learnt to think in terms of welding and as a result 
welded structures were from 20 to 80 per cent. cheaper than riveted. Rolling mills have helped by adding 
to their standard sections, some specially rolled for welding purposes, in such a way that a vee ready for 
the welding run is automatically formed when these sections are in position together. 

Tt is also stated that most of the firms exhibiting at this fair had coated electrodes, also that the 
continuous seam was more in evidence than intermittent welding. 

You may be wondering what all this has to do with electric welding as seen by the outport member. 
Perhaps not very much, but let me explain that quite recently I had the privilege of associating myself 
for a few weeks’ practical experience with a welding firm, and while there I examined all the recently 
published data on electric welding I could find. 

There was not very much, but to the ordinary observer like myself who, though he might have a bias 
towards welding, had treated the subject somewhat casually, a lot of it seemed new and interesting, and I 
ventured to think it might appear so to some at least of my readers. ‘There is always this difference 
between the London office and the outport—if you want any information in Fenchurch Street you only 
have to raise your hand to a bookshelf or some folio or other and there you have it, whereas we are 
dependent at the outport very largely upon the results of our own observation. 


WELDING PUBLICATIONS. 


To those, therefore, who are not already familiar with them I would recommend the perusal of the 
technical reports compiled by the British Engine, Boiler & Electrical Insurance Co. which appear yearly 
or thereabouts, and what are known as the Lincoln Prize Papers which are printed under the auspices of 
the American Society of Mechanical Engineers and represent the successful papers in the competitions 
arranged from time to time by the Lincoln Electric Company of Cleveland, Ohio, with a view to 
encouraging improvements in the art of welding and to extend its use. 

Then again, there are the welding journals, transactions of the Institute of Welding Engineers, a few 
excellent trade publications and, of course, the papers that are now being read before most of the 
engineering technical societies. 

The handbook for electric welders issued by Murex Welding Processes, Ld., is a useful little book 
and one I have read with profit. 


WELDING PRACTICE. 


Perhaps at this stage I might give a short non-technical account of the actual welding operation from 
which some of the difficulties of the welder will emerge. 

At the same time it is, perhaps, better to generalise rather than particularise since each experienced 
welder seems to have his own particular method of doing things. 
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I have seen it stated that it is possible to vary the ductility from 2 to 22 per cent. elongation and 
the izod value from 8 ft. Ibs. to 40 ft. Ibs. in welds made with different welding procedure but with the 
same electrode. Thus it is possible to get bigger differences in results between different operators using 
the same electrodes than with the same operators using diflerent electrodes. 


CURRENT. 


First as regards the current, this may be either direct or alternating, and the choice does not always 
rest with the welder. Though there may be certain advantages in using continuous current these are 
not necessarily reflected in the mechanical tests. 


It is understood that for outside work in exposed positions the Home Office recommends that motor 
generator plant providing a direct current welding supply should be installed even with alternating 
current available, in order to prevent the possibility of workmen receiving an electric shock, as this might 
cause them to fall off staging. 


There is, of course, a big variety of machines on the market and in use, both direct current welding 
sets and those of the transformer type using alternating current, from which excellent welding results can 
he obtained. 


Tables of current required with various gauges of electrodes and for various thicknesses of plates are 
published, but these are apt to be misleading since there is such a big difference between so called 
minimum and maximum values. 


It is well, however, to fix an average figure in one’s mind as for instance that a No. 8 electrode 
requires approximately a direct current amperage of 125 when welding plates, say, 4-in. in thickness. 


The amperage required increases generally with the plate, i.e., the thicker the plate the higher the 
amperage, also with increase in size of electrode and thickness of coating on the electrode. 


The type of job in hand also affects the current, as for example less amperage would be allowed when 
working on a butt weld than on a fillet weld of a lap, since the thermal conductivity of the latter is greater 
owing to the overlap. 


The length of are also affects the current, a long arc causing an extra load and resistance. Excessive 
current may also give too much penetration and cause undercutting. The operator, if he is to make any 
headway at all, must first acquire the knowledge that his electrode is running properly. It is like a writer 
with his pen, in order that he might concentrate the more on what he writes, he must subconsciously 
form the letters and words without having to bother about the flow of ink. 


So with the welder—he will not worry about the current if the metal flows from the end of the 
electrode freely and at the same time effects good fusion. 


If the current is too low then the are created is feeble and has no penetrative effect and is easily lost. 
Excessive current on the other hand causes a fierce arc and the metal flows from the electrode too fast to 
be controlled. There is also a tendency to burn the plate and the deposited metal globules splash about 
and cause porosity and lack of ductility in the weld. Too high a current tends to bring down the 
elongation of the weld material and to reduce its Izod value. 


Of the total heat generated in an arc lamp composed of two similar carbon electrodes, about one third 
is developed at the negative pole and two thirds at the positive pole. It does not follow, however, that 
when an electrode is connected to the positive pole it necessarily becomes hotter than when it is connected 
to the negative. 


All the same, it is the practice when using direct current to attach bare wire and light coated 
electrodes to the negative pole, when it is possible to control the weld deposit more easily and at the same 
time get good penetration. With the bare wire or light coated electrode attached to the positive pole the 
tendency is for the metal to fall off in big beads and generally pile up, while penetration is poor. There 
may be an increase in speed of deposit but the deposit itself is worthless. 


On the other hand, when the heavily coated electrode is used from the negative pole, spluttering 
takes place and control is difficult. 
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Tests* show that under these conditions the electrode is actually hotter than when connected to the 
ide and for this reason a slag coating, having a comparatively high melting point, becomes more 
uid, 

“An observation was first made with 10 s.w.g. bare wire mild steel electrodes 18 ins. long, 

the current being maintained at 125 amperes. With the electrode connected to the positive, 

a length of about 16 ins. was consumed in 60 seconds, and at no time was more than } in., 

measured from the free end of the rod, red hot. With the electrode connected to the negative 

and the same arc length, a length of about 84 ins. was consumed in 80 seconds, when the 
remainder of the rod was found to be red hot.” 


Further experiments showed that by using half the bare wire electrode, and then plunging the 
remainder into a known quantity of water, the temperature of the water was double with the electrode 
negative as compared with the electrode positive. 

One of the tests of the welding operation is to watch the ammeter readings, and if these keep steady, 
then at least there is a chance of good work being done. 

Special ammeters are now available for testing the current in use by a welder, without having to 
break any “onnections or rely on the instrument fitted to the welding set, by simply clipping the 
ammeter to either of the welding cables, when the current flowing is immediately registered on the dial. 

It is said that more practice is required to become an efficient welder with alternating current than 
with direct current. 


ELEcTRoDE HoupEr. 


This sounds a small matter, but in reality is a very important one, as any operator will confirm. So 
many holders may be efficient when new, but their grip on the electrode soon falls away, and much of the 
operator’s time can be lost by endeavouring to adjust this. It is essential to have a good grip, or else it 
becomes almost impossible to control the welding end of the electrode. Then again, it must be possible 
easily to replace the stump of the used electrode with a new one without risk of burning. Weight also 
is of importance when one considers that the holder is itself held for hours at a time. The handle is, of 
course, insulated, and especially with alternating current the danger of shock to the operator has to be 
reduced to a minimum. 


ELECTRODES. 


This opens up a very big subject, which I shall not attempt to treat fully here. Broadly speaking, 
however, electrodes may be divided into three groups :— 
(1) Heavy coated. 
(2) Light coated. 
(3) Bare wire or uncoated. 

It is recorded that although the first attempts to weld metals electrically were carried out by an 
Englishman called Wilde about 1860, it was not until about 1895 that metallic electrodes were introduced 
by Slavianoff, a Russian engineer. Then, some 10 years later, the Swedish inventor, Kjellberg, 
introduced the fluxed metallic electrode, and experiments have been carried out with various coverings 
ever since. Generally speaking, Germany and America have been the protagonists of the bare wire 
electrode, although I have seen it stated recently that these countries are gradually coming round to the 
use of the coated electrode. 

In the past, my own view has been to favour as little coating as possible, and I have seen the 
Society’s tests pe just as successfully with the bare wire electrode, though of course a special quality 
wire, as with those heavily coated. It has always been evident that bare wire had no charm for the 
electrode manufacturer pure and simple. All the same, the research work carried out by the makers of 
electrodes has undoubtedly widened the scope of electric welding to a remarkable extent, and this has 
largely been brought about by varying the composition and covering of the electrode. 

After operating with both types, 1 think now that for ship construction the covered electrode may 
have the advantage for speed of operation and appearance of the finished weld, and probably in quality 
of weld metal, but if there is to be a coating, then for goodness sake let it be one that will give an easily 
removable slag. 

The piece work operator will have little time to spare for slag removal. 


* Technical Report of the British Engine, Boiler & Electrical Insurance Co., Ld., for 1930-31. 
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I think in many cases a combination of light and heavy coated electrodes might be effective, as when 
welding a seam fillet, a light run could be made initially with the former, and be followed up with a 
heavier reinforcing and final run with the coated rod. In this case a wire brushing of the first ran would 
be all that was required and the possibility of slag inclusions would be eliminated. There are practical 
difficulties here, however, as for example in changing over the polarity with direct current which might 
more than outweigh the advantages. 


Experiments have been undertaken wherein plates 3in. in thickness have been welded with direct 
current firstly by covered electrodes of known composition, connected to the positive pole, and secondly 
with electrodes, identical in type and manufacture, only with the covering removed, and connected to the 
negative pole. It was found that bend, Izod and Brinell tests were generally better for the coated 
electrode than for the bare wire, formed by stripping the coated electrode. This is a severe test on the 
bare wire as it is improbable that the core of a covered electrode would necessarily be chosen for use as 
bare wire electrodes. 


Perhaps it might be as well to say here that so far as ship construction is concerned, there is, in my 
opinion, far too big a choice of electrode at the present time. Hardly a week passes without some new 
type appearing with special properties and claims. 


It will be necessary in the shipyards to choose a few average general service types which give the 
necessary results and stick to them. This procedure will in fact be essential, otherwise there will be an 
enormous run of approval tests. 


Assuming that the choice of electrode has been made and the work prepared, the operator is now in 
the position of being able to strike an arc. 


In this country the standard length for electrodes is 18 ins., both light and heavy coated, although in 
certain cases 14 in. rods are manufactured. 


When placing the electrode in the holder it is the practice of some operators to bend the rod at an 
angle of 45°. Others again will grip the rod about halfway along, without bending. In the case of the 
heavy coated rod it is readily seen that to bend this type will destroy the coating, when of the dipped 
variety, also that the rod can only be gripped at the end where the metal is bare. The extruded asbestos 
type of coating can, however, be bent to any degree. 


In addition to the holder the operator requires a face screen, chipping hammer and wire brush. 


As is well-known, the rays given off from the electric arc, being particularly rich in the ultra violet 
and infra red, are most harmful to the eye. The obscured goggles used by oxy-acetylene workers, are 
therefore, useless for electric welding, except as a second line of protection, as they are not sufficiently 
opaque. It is necessary to use two coloured glasses of correct density, one deep ruby and the other blue 
or green, and it is advisable to have a clear glass in front to take the sparks. 


In most countries other than Great Britain, the hand screen is being displaced by the welder’s mask, 
which though rather heavy and close for the head, certainly has the great advantage of leaving both hands 


free, which in turn gives the operator better control of the job,jor if desired, enables him to use an electrode 
in each hand. 


Tue Arc. 


The arc is struck just as if the electrode were a big match, i.e., by a scratching motion, and like a 
flame in a high wind, with the beginner the arc immediately goes out, either through the length of arc 
becoming too great or too small, ending in the latter case with the electrode sticking to the work. 


A correct length of are is about 3 in. although this must be reduced in vertical and overhead welding. 


With the heavy coated electrode it is possible to let the end touch the work and still retain the are, 
for the metal core of the electrode burns away in the crater formed by the covering. When watched 
through the screen the molten metal at the are appears dull red, while any slag appears bright red. The 
potential difference across the are is generally 18 to 20 volts and should not oxcend 25 volts. 
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WeLpInc WorKMANSHIP. 


It has to be remembered that as the electrode melts away it gets shorter and it becomes necessary to 
feed the electrode down towards the work, at the same time giving the point of the electrode a slight 
lateral and progressive movement to ensure an even distribution of the metal. 

Tt is possible in making a run of metal on a horizontal surface to work towards the body with a 
slightly convex movement at the tip of the electrode in which case the arc length is the more readily seen 
and kept under control, or to work in the reverse way, i.e., from the body, with a slightly concave motion, 
when it is possible to follow more closely the shape of the deposited material. 

An experienced operator is able to run his electrode right through without breaking the arc and at 
the same time deposit an even thickness and width of metal throughout. 

In their provisional rules for electric arc welding in ships, the British Corporation state that with 
heavily coated electrodes and “subject to modification as the result of particular tests, not less than nine 
linear inches of metal should be deposited in each run from an 18 in. electrode when using the proper 
current.” The Bureau Veritas say in principle the metal of a covered electrode shall yield a run equivalent 
to a length between half and full teeth of the electrode. 

It is possible, of course, to deposit a run more than the length of the electrode, but the deposit in this 
case would be just on the surface and lack penetration, while on the other hand, if the progress is too slow 
and there is too much local concentration of deposit, there is danger of overheating both the electrode and 
the work. 

This problem of overheating is, I think, one that could well be further investigated. 

I venture to say that it is not viewed with the same alarm by the practical welder as it is by his 
colleague in the research laboratory. Some welders with certain work, as for example, building u 
corrosion pittings in plates, seem to favour a sort of puddled weld in which the light coated electrode is 
so worked round a small area as to create a pool of metal and terrific heat. In this way there would 
appear to be perfect fusion and it seems to me that a certain amount of annealing must take place and so 
to some extent stabilise the weld metal. 

In order to see whether there was any virtue in this I purposely prepared a specimen of weld material 
that had been deposited in the bosom of an angle bar in several runs, many portions of which were produced 
with a red hot light coated electrode. The result, however, was not too good, as here and there, when the 
specimen was turned down, slag holes appeared on the surface though it was impossible to say whether 
x were caused by the hot electrode, by incompetence, or both. 

Undoubtedly it is not a difficult matter to make the bare wire or light coated electrode excessively hot 
in the welding operation, and this is generally considered detrimental to the weld, resulting in an over- 
heated and brittle deposit. To some extent it is a safeguard against overheating to hold the electrode in 
the middle. With the heavily coated electrode this difficulty is not so pronounced, and however hot the 
weld metal may be, it finally benefits by the refining action of the cooling slag which also completely 
protects its surface from the oxygen of the air. 

It is impossible in this paper to deal with the training of the would be operator from start to finish. 
There are bound to be differences of opinion as to what should constitute this training, and what length 
it should be. Fortunately in ship construction whether the work be readily accessible or only under 
difficulty, the joints of plating will be either by butt, overlap or strap. 

Let us therefore consider these separately and in some detail. 


Tue Butt WELD. 


This is a comparatively simple procedure when treated in the horizontal or downhand position. 
(See Figs. 1 and 2.) 

First there is the form of the vee to consider. In thin plates, say, up to ;°,in. in thickness, no vee 
is required, a short gap only being necessary. 

Plates 9, in. to +4 in. in thickness require bevelling to form a vee angle of not less than 60°; a #in. 
plate with a single vee would require an angle of 70°, or if double vee then 60°, and this latter could 
apply to plates up to an inch in thickness. 
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Where two plates meet at right angles, as for example the deck meeting the shell, the angle between 
need not be more than 45°, for if it is ter, then the weld material is needlessly replacing the deck 
plating on the top, while the bottom of the veed plate is becoming so thin it will be melted off under the 
arc. So long as it is possible to reach the bottom of the vee with the electrode the angle is wide enough. 


The gap at the bottom of the vee is generally not greater than the diameter of the electrode used. 


No doubt, like the angle of countersink, the vee angles will be discussed and modified from time to 
time, although it is satisfactory to see that in the recently published Rules of the Society a general 
average has been taken. As in countersinking also, it is not desirable in the thicker plates, say from 
3, in. upwards, to carry the vee right through the plate. In all joints the first run of welding is of the 
utmost importance, and makes for the success or failure of the joint, just as much as the fairness or 
unfairness of holes in riveting. Wherever possible this run is helped by using a copper backing strip in 
contact with the plates. 


A small gauge electrode, say a No. 10, is generally used for the first layer, irrespective of thickness 
of plate, the remaining layers being made up of No. 8 or No. 6 as may be necessary. 


The size of run per electrode has an important bearing on the physical properties of the weld deposit, 
generally the shorter the length the higher the tensile value, but the lower the elongation and shock 
value. 

Wherever possible a run on the opposite side of the butt is an additional safeguard. When finishing 
an electrode or completing a run of welding, it is customary to break the are by smearing back and not 
simply pulling forward, the latter motion creating a hole. 


In making the sealing run of a butt weld it is essential to manipulate the electrode so that fusion 
takes place on each plate, while therefore there is the usual to and fro motion, together with slow 
progression, there is a slight hesitation at each side of the butt in order that complete fusion may take 
place. With successive layers, and as the vee widens, it is, of course, essential to overlap and so knit one 
bead in with the other. 


The double vee of the thick plate reduces the effect of distortion, any pull on the one side bein 


counteracted by that on the other, and this is followed up in the welding by alternately depositing a bea 
on one side and then on the other. 


VertTIcAL Burr WELD. 


It is usual in a vertical butt weld to apply the sealing run from the top, downwards, and succeeding 
runs from the bottom, upwards. Too much current causes loss of the deposited metal, as it simply falls 
to the ground. 

A small gauge electrode is easier to control here, as there is less metal deposited. 


Vertical welding is carried out with the electrode pointing slightly up from the horizontal. 


OvERHEAD Butt WELD. 


With overhead work the electrode is held at right angles to the job. It is customary to work 
towards the operator. Both in vertical and overhead work a close arc is essential. Current regulation is 
also important, the current being somewhat less than for horizontal work. The lateral movement of the 
electrode is much the same, though perhaps a little faster. The whole difficulty is in overcoming gravity. 
Light coated electrodes are sometimes favoured on this class of work, on account of there being less slag 
to contend with, while other manufacturers recommend electrodes specially prepared for overhead work. 


Gap at Borrom oF VEE. 
Experiments have been carried out with a view to seeing the results of varying the distance between 
the plates forming a butt weld and of varying the angle of vee. 


As might be expected, with the largest gap between the plates the breaking stress approximates more 
closely to the strength of the weld metal. 


Increase in strength of butt follows with decrease in gap, the same quality plate and electrode being 
used throughout. It is evident, therefore, that the metal of the adjacent plate has some influence upon 
the mechanical properties of the weld metal. 


There is also an increase in the ductility of the weld metal as the strength of the plate is reduced. 


Generally it may be said that it is not advisable to have too big a disparity, one way or the other, 
between the material of the electrode and the plates to be welded. 


ANGLE OF VEE, 


With regard to the angle of vee, tests have been made with angles varying from 45° to 120° and 
after machining the surfaces the specimens were subject to bending with the top of the vee in tension. 
The angle of bend at which the specimens broke varied from 165° with a vee of 45° to 125° with 
a vee of 120°. 


A wider angle of vee, say 90°, is recommended for a weld with bare wire electrode, as there is 
difficulty with a 70° weld in preventing a short circuit of the arc to the sides of the vee. 


One of the problems in the life of the welded ship will be the renewal of butt welds, since each 
cutting out of the weld will mean a wider vee and gap and consequent difficulty in filling in properly. 


STRENGTH OF Burr Jornts. 


In the Society’s tests for electrodes for which the approval of the Committee is desired, the standard 
minimum strength of butt joints made by such electrodes is 90 per cent. of the unwelded plate. 


This unwelded plate for ordinary ship work has an allowable variation of strength of 26 to 32 tons 
per sq. in. The strength of the butt weld can, therefore, vary between 23°4 to 28°8 tons per sq. in. Yet 
if a weld broke at 23:4 tons this would only represent 73 per cent. of 82 ton material, while 28°8 tons 
gives nearly 111 per cent. on 26 ton material. 1 have seen it stated that the practice of defining the 
strength of a butt welded joint in terms of plate strength is a survival of a method adopted with forge 
welds where it truly applied, but as seen from the above, it is apt to be misleading unless there is some 
further qualification, since by reducing the strength of the plate it is easily possible to increase the ratio 
of weld strength to plate. So far as the Society’s tests are concerned the further qualification comes in 
requiring the strength of the deposited metal to be not less than 25 tons per sq. in. 


Assuming two 28 ton steel plates 4 in. in thickness are to be welded by electrodes giving 25 ton 
deposited material, it is easy to see that the thickness of the weld need not be more than *50 in., whereas 
with plates 26 ton strength the thickness is reduced to 47 in. but with 82 ton plates it is required to be 
“58 in. in order to give the same 90 per cent. strength of butt. 


In thinking of strength in terms of the welded butt, we are apt to forget that the riveted joint itself is, 
and always has been a long way from perfection. ‘Thus in calculating the strength of a riveted butt 
connection it is customary to take as the standard strength that through the line of holes at a frame or 
beam, so that the effective breadth of a 70 ins. plate is only some 60 ins. and this in conjunction with the 


minimum strength allowable for the plate, viz.:—26 tons, is used to form the comparative basis for the 
strength of joint. 


Again, the punching of rivet holes in plates reduces the strength of the material something like 20 per 
cent. although fortunately the action of countersinking and of riveting restores the plate so that it is 
customary to assume that finally the strength of material between the rivet holes is the same as the 
strength of the unpunched plate. Drilling of the holes is also better for the plate than punching. 


It is only some 25 years ago that ships built to class with Lloyd’s Register were required to have 
stringer plates, sheerstrakes, garboard strakes, and all butt straps when above } in. in thickness, either 
annealed or the holes rimed after punching in order to remove the injurious effect of the punching. 


This was a requirement introduced with the Rules for Steel Ships about 1891 and was not required 


for iron ships. It would be interesting to know whether it was ever the practice to anneal plates as 
indicated above after punching, or whether riming was the general alternative. 
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Tae Fitter WELD. 


One of the simplest applications of the fillet weld is in a plate overlap either as a butt lap or seam. 
The simplest form of all is where two plates meeting at right angles at a corner form an automatic vee in 
the horizontal position. This can be readily dealt with by an initial sealing run followed by one where 
the operator starting at the bottom of the vee goes up one side, then across and down the other side to the 
centre again, there being a slight forward motion at the same time. 

As with the butt weld, the sealing run is all important for the success of the fillet. 

With heavy coated electrodes it is possible to apply the electrode to the corner of the angle and then 
having struck the arc keep the rod in such a position that by dragging it slowly along, a correct and well 
finished sealing run is obtained. This will have a slightly hollow hypotenuse, though with another run it 
is possible to get the standard triangular section, or to reinforce it to such an extent that it becomes 
convex. When applying the sealing run with the heavy coated electrode there is apt to be slight uneven- 
ness of deposit since the coating does not melt uniformly when the electrode is pressed into the corner, 
but melts somewhat jerkily. Practice and the use of good rods may, however, overcome this difficulty. 

An ordinary fillet for an overlap is shown in Fig. 3. The sealing run having been made and the 
slag removed, and with a good electrode the slag can be removed in one sweep followed by a brush, the 
bead is then started at the centre and worked to the top edge of the required width of weld, and then 
moved downwards at an angle of about 45° until the outer edge of the weld width is reached, when it is 
quickly drawn to the centre and up to the top, descending again over the upward run with a bead that 
knits into the preceding downward run and so forth. 

Undercutting is a source of danger with the fillet weld, especially when using a heavy electrode and 
somewhat high amperage. 


VERTICAL FILLET. 


Here the seal may be done downwards with an arrowhead motion. If the are is kept in one place it 
melts away any metal that may have been deposited. Heavier fillet welding is done in the upward 
direction, since once a ridge is made the succeeding layers have a support. 


OVERHEAD FILLET. 
This is similar to the horizontal fillet except that the whole operation is inverted. 


STRENGTH OF FinteT WELD. 


A criterion of the strength of the fillet weld is its width across the throat. In the Society’s Rules 
this width varies from 70 per cent. of the thickness of the plate for plates up to about 4 in. in thickness, 
and falls to 60. per cent. in plates 1 in. thick (see Table in Appendix, page 26). 

A full or standard fillet weld extends from the edge of a plate for a distance equal to the plate to be 
attached, although, with the British Corporation, one leg of the triangle is greater than the other by 
25 per cent., and the throat thickness is not less than 70 per cent. for all thicknesses of plate. 

In the provisional rules of the Bureau Veritas the standard fillet weld triangle has equal sides for 
late thicknesses of 7 mm. and above, while the throat depth is approximately 70 per cent. of this. 
hese tables are only drawn up for plates having thicknesses up to 12 mm., which is less than } in., so 

that it would appear as if the Bureau were not expecting welded ships of any great size at the moment. 

With equal sides at right angles, the perpendicular to the hypotenuse of the triangle is just 70 per 
cent. of the side, so that in thicker plates the profile of the fillet weld will be slightly hollow. 

It will not be a difficult matter to make gauges suitable for checking the profile of a fillet weld, 
although it is thought that the unaided eye will still be the best means of detecting bad workmanship or 
insufficient welding. 

The width of overlap by the rules for a seam with material 1 in. thick is required to be 2t + 4 in., 
and for an overlapped end connection 2t + 1 in., t being the thickness of the plate, while for thinner 
plates the widths are somewhat greater, relatively. 

It is interesting to note that by the rules of the Germanischer Lloyd, overlap welding of seams and 
butts of plates is to be avoided, and in the case of shell and strength decks is not allowed. 
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One of two things would appear to be probable in the welded ship of the future—either to make 
considerably more use of joggling, or of straps and so obtain a flush surface. 

Where it is desired to keep the faying flanges of frames and beams it is quite likely that these will be 
arranged to form butt straps to the shell and deck plating. 

When testing an ordinary welded overlap in the machine the tensile pull distorts the specimen and 
tends to pull it into one line. It is usual for joggled overlap specimens to break under tension through 
the plate just at the edge of the welding, as shown in the Appendix. 


Routes For Enectric WELDING. 


The rules recently published by the various Classification Societies for the application of electric 
welding to ship construction make interesting reading. 

With the exception of the Norske Veritas, which has not yet formulated Rules, all the Societies would 
appear to think the time is ripe for a general advance in the use of electric welding. 

1 do not propose to compare the various sets of regulations in detail, though I will say that after 
reading for the first time those of the Bureau Veritas, I could not resist saying to myself ‘Thank goodness 
we are not on the metric system.” 

Also, I think that our own Society is to be congratulated in not being too academic in its requirements. 
It is one thing to make a rule and quite another to carry it out and I say this, having had some experience 
of both. There is only one way of trying out any or all of the rules, and that is to get busy on a welded 
ship, when I am quite sure that problems will crop up which at best have only been hinted at in the 
various proposals. 

One of the most encouraging rules to the outport surveyor is that which says “as far as practicable,” 
“so far as possible” this and that shall be, for it is absolutely impracticable either to hope for, or to get, 
the conditions and methods under which the test pieces were made, repeated exactly in different parts of 
the yard and ship, and with different operators. Neither will it be advisable to standardise too closely the 
technique of the operator, otherwise his initiative will suffer. 

But it is no good amplifying this side of the subject, for it is a case of practice makes perfect here 
more than anything else, and a multiplicity of rules will not help the poor welder nor will too great rigidity. 

The present lull in shipbuilding is an excellent time for drawing office staffs and welding operators 
to get in touch with one another. A welded type ship should have been designed in every big yard in the 
country ere this, and there should be confidence in and co-operation between the theoretical and operating 
sides, since in this way much valuable information will be obtained. 

Money spent in research work and training at the present juncture will mean money saved in 
construction later on. The ships of the future are going to be vastly different propositions from those of 
to-day. 

EXAMPLES OF WELDING. 


Quite a large number of small vessels of one kind or another have been built throughout the world 
already, and everybody knows the historic case of the m.v. “Shean” ez ‘Fullagar,” details of which 
are given in the Appendix and Plates land II. As far back as November, 1918, when work on this 
coasting vessel had commenced, Sir Westcott Abell, in a paper* read before the North-East Coast 
Institution of Engineers & Shipbuilders said ‘“* . . it is improbable until some practical experience on 
a fairly large scale has been obtained, that welding will be applied to the structural members of a 
vessel exceeding 300 ft. in length, but for smaller vessels there is ample scope for the introduction of this 
system of construction.” 

In the American coast guard cutter “Northland,” built in 1927 for service in the Arctic ice floes, 
the application of welding was not taken up until the drawings were well advanced, and yet the seams 
and butts of decks and superstructure were mostly welded, and a 3 in. continuous fillet weld was used to 
reinforce the double riveted seams of four strakes of plating in the neighbourhood of the water line, 
which were from { in. to 1} in. thick, in order to resist ice pressure. 

In all, some six tons of electrode material were used on this ship. 

In the Lincoln Prize Paper of 1928+, by James W. Owens, of the Newport News Shipbuilding & Dry 
Dock Co., a comparison was made between a large cargo ship when designed for welding and the same 
ship riveted. The ship was not actually built but was designed to the veriest detail, and new ideas of 


* “Electric Welding for Shipbuilding Purposes.” 
} Are Welding—Its Fundamentals and Economics. 


construction embodied. It was estimated that the welded ship would be some 16°7 per cent. lighter on 
hull steel weight and would have the advantage on cost of material by 671 per cent., and on labour 
costs by 5 per cent. The total cost of the welded ship was estimated to be some 3°7 per cent. less 
than that of the riveted ship. 

It was reckoned that there would be a reduction in the weight of frames, deck beams, bulkhead 
stiffeners and plating, deck girders and deck plating excluding stringer plates, inner bottom plating 
except centre line and margin plates, solid and partial floors, rudder, hawse pipes, and so forth. Where 
a reduction had been made in the weight of the bulkhead, deck and inner bottom plating, such reduction 
had been limited to +4, in. ‘The approval of Classincation Societies for this was expected, although the 
reason put forward, viz., that the thickness of plating in the riveted design was largely determined by 
the mechanical requirements for caulking, hardly seems a correct or adequate one. 

‘The Lincoln First Prize Paper* for 1932 is a description of an electric welded naval auxiliary vessel 
me 118 feet in length, which was completed in September, 1931, at the Navy Yard, Mare Island, 

alifornia. 

The seams of shell plating were joggled lap joints, 1} in. lap with a full fillet weld on each side of 
the lap, the joggle being a long one, while the butt joints were strapped. The framing was longitudinal 
at shell, deck and hopper sides, and the longitudinals were spaced about 24 ins. apart and were arranged 
on each plate lap and along the middle of each plate. 

Transverses were spaced five to seven feet apart. The transverses and bulkheads were slotted to take 
the standing flanges of the longitudinals, and the face flanges of the longitudinals were slotted to take the 
transverses and bulkheads. 

This resulted in intercostal face flanges and continuous standing flanges and the meshing of the slots 
formed a “ lock-joint.” 

The bulkhead vertical stiffeners were spaced to suit the longitudinals and were bracketed to them at 
bottom and deck. The longitudinals and transverses were intermittently welded to the shell using the 
chain arrangement, while the boundaries of the watertight bulkheads were continuous fillet welded 
on both sides. 

The “lock-joints” between the longitudinals and the transverses were welded on the outside of the 
bar only, as watertightness was not required. 

The vessel was assembled and erected without the use of bolt holes. “String” welds were used for 
tacking, being about 1 in. long and a nominal size of }-in. and about 12 ins. apart. These tacks were 
strong enough to hold the parts together but sufficiently weak to break when shrinkage stresses became 
excessive. 

Welders were constantly supervised not only in regard to the size and quality of the welds, but also 
in connection with proper current values, cleanliness of welding surfaces and size of electrodes. 

It is said that there was little difficulty in bringing the parts into satisfactory contact for tack 
welding, and the methods employed were considerably cheaper than the general use of bolts and bolt holes 
would have been. 

The deck longitudinals necessitated overhead welding as they were done in place, but did not 
constitute a serious problem. 

The vessel was launched sideways, a test which the welding withstood most satisfactorily. 

It was found that a riveted hull of the same form would have been some 17 per cent. heavier than 
the welded hull, while the saving in cost was about 10 per cent., excluding the machinery. 

So far as 1 know it has yet to be proved to the satisfaction of Classification Societies that any 
reduction in thickness of plating is desirable with welded joints. With sections there is a good deal of 
scope, and it looks as if some modified form of tee bar, or even +t. beams cut through the centre, will be 
most useful for frames and the like. 


This in time will lead to new lists of geometrical properties of sections, although in the ordinary way 
the loss of the faying flanges of bulb angles and channels will not have much effect on the = and will be 


a 
nullified to some extent by the welding fillets. 
The smaller channels are likely to be replaced by angles for frames and beams. 


“Are Welded Naval Auxiliary Vessel, by H. N. Wallin and H. A. Schade. 
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It is interesting to compare the geometrical properties of, say, a 12 in. channel frame in conjunction 


with a strip of plating, with a 12 in. bulb angle, a 10 in. beam (20 in. by 64 in. —t~ beam cut through 


Ai 
the web), and a 10 in. bulb plate. (See also Fig. 4.) 


There is not much to choose between the channel and bulb angle, but the 10 in. half beam is a 
little lighter in weight and gives a little better moment of inertia and very considerably superior modulus 


of section, viz. :—60 as against 44. Even if this beam were cut down to 9 ins., the Y would still be over 


50, though the moment of inertia would be much reduced. 

This moment of inertia will have to be watched in all the sections replacing the ordinary channels 
and bulb angles. The 10 in. bulb plate is very light in comparison with the other sections, but it is 
somewhat deficient in modulus and greatly so in inertia. 

It is likely, therefore, that a modified form of T bar will take the place in the welded ship of the bulb 
and channel sections we have become so familiar with in the riveted ship. 

The maximum weight saved is not likely to be more than that obtained by omitting the flange of 
channel or bulb angle, but saving of hold space may lead to the adoption of a more compact frame such 
as the tee bar which also has the advantage of being symmetrical. The elimination of the redundant flange 
is, however, not all gain, since it may be necessary to provide compensation either by thicker plating or 
closer spacing of frame, beam or stiffener, so that the support in conjunction with the plating may be 
equivalent to that required for the riveted ship. 

Thus to take an actual example from the Rules of the Bureau Veritas, when the centre keelson is 
connected direct to the plate keel by welding, i.e., omitting the keel angles, the thickness of the keel plate 
has to be increased some 20 per cent. In similar case, Germanischer Lloyd call for an increased thickness 
of 15 per cent. above Rule. 


TESTS. 


For the first time regulations and tests for electrodes for which the approval of the Committee 
is desired, now appear in the Rules, although somewhat similar tests have been in use by the Society for 
many years and it was with these earlier tests that all approved systems of welding had to comply. 
Although 1 was present at a number of tests of these early systems of welding, I have only had the 
fete so far of taking part in one of the new series, and this was at Messrs. Swan, Hunter & 

igham Richardson’s Yard where some of the B.C. and our own test pieces were pulled. 

These tests were of a preliminary and unofficial nature, and were for the purpose of trying out a new, 
though somewhat inferior, coated electrode. The results thus far obtained are given in the Appendix. 

It is suggested that there might be some latitude with regard to the size of test pieces, for in certain 
cases firms who, having been accustomed to using a machine in their own test house find that it is too 
— to accommodate the official tests, and are put to the expense of having to depend on some outside 
authority. 

I would suggest therefore that the length of the ordinary standard test piece, viz. :—about 18 in., is 
sufficient, as this amply covers the 8in. length over which elongation is usually measured. 

The time taken in the preparation of the test pieces is also a variable which might with advantage be 
noted, if only to stop the tendency, which so far has been prevalent, of spending far too much time in the 
actual welding of specimens, more time than could ever be allowed in practice. It might even be possible 
to give some consideration to this element of test preparation time when analysing the results. All tests 
of skill should include the time element. 

During the preparation of this paper I have been struck by the enormous amount of testing of 
electric welding, in one form and another, that is proceeding throughout the world. America and 
Germany are to the fore in this direction, but I was particularly pleased to learn that Australia and 
South Africa were not lagging behind, and, from what I could gather, research work had been continuing 
at the University of Melbourne for quite a number of years, It was also gratifying to note the position 
still held by the very comprehensive series of tests carried out by Lloyd’s Register of Shipping, in 
conjunction with the Quasi Arc Company, at the works of Messrs. Cammell, Laird, Ld., so long ago as 
1918. These tests have formed the basis of many similar ones since. 
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In looking through the published data of test records, one cannot fail to notice the contradictory 
evidence that is at large, and it is partly on this account that one is inclined to magnify the importance 
of the actual experiments that come one’s way. 

For example, I made a butt weld in a 4 in. thick specimen that was far from perfect. The chamfer 
of the edges had been burnt to shape by the acetylene flame. The edges were irregular, as also the gap 
at the bottom of the vee. The weld was made with a reasonably good quality electrode, although, owing 
to the irregularity of the edges, the penetration to the back surface was by no means perfect. Yet when 
I tried to break that butt weld by hammering it in a vice, I signally failed. In fact, the bar bent away 
from the weld and, after going to 90°, it was flattened again and the weld looked little the worse for wear. 
There was no sudden tearing apart of the weld material as one might have expected from such a shock 
under such conditions. 

It should not be long before each shipyard of importance in the country has tried out one or more 
electrodes under the recent Rules of the Society, and it is only a question of time before the welding 
tests will be as common as they have become for ordinary steel. 

That some yards are preparing for this day is evidenced by the number of welders at present in 
training. 


COEFFICIENT OF QUALITY. 


French engineers have what they call a “coefficient of quality” and it is obtained by multiplying 
together the ultimate tensile strength in tons per sq. cm. and the percentage elongation on 20 cm. and 
if this coefficient for any steel is greater than unity, then the steel is considered satisfactory. 

With the units, tons per sq. in. for ultimate strength P, and elongation S as percentage on eight inches, 
the coefficient becomes approximately : — 

POGs 
6 
The Society’s present requirement for weld material under this head is :— 
25x 18 {75 
6 x 100 
and it would take 30 tons per sq. in. material with 20 per cent. elongation to bring this “coefficient of 
quality” up to unity. This factor might readily be used as a basis of comparison for different electrodes. 


< 1 for steel of good quality. 


ALTERNATING Stress Tests. 


In the new list of tests the old alternating stress tests are omitted. No doubt this is done partly on 
the score of time and expense, and because its place can be taken to some extent by the Izod impact test. 

Some years ago I plotted the results of alternating stress tests on welded bars rotating at about 1,000 
revs. per minute for the Companies whose systems of welding had at that time been approved. It was 
possible to draw a mean curve through these spots about which it might be taken that should the results 
fall reasonably on each side of it, then they would be satisfactory. 

Should they, however, all fall on the low side of the curve, they would not be satisfactory. 

The suggested curve was :— 


At + 6 tons per sq. in. say 5°0 million revolutions. 
” ats 7 ” ” 3 ” ” 
” zm 8 ” ” 2°75 ” ” 
” a8 9 ” ” 2°0 ” ” 
” = 10 ” ” 14 ” ” 
” ce 11 ” ” 1:0 ” ” 
ck 12 ” ” O7 ” ” 


Actually in some cases the bars ran through the full five million revolutions at + 12°9 tons square 
inch stress, which is a good deal more than would be expected from the average electrode even to-day. _ 

In mild steel the tensile strength and elongation of a test piece may be taken as a fair measure of its 
chemical purity and the shock test as an indication of its correct heat treatment. 

So with weld material, and it is considered by some that the Izod test offers the best medium for the 
future investigation of welding problems. 
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INSPECTION OF WorK. 


When welding work has been done how is it to be tested? For my own part 1 do not think it will 
be found to be, in practice, the difficult problem many would at present have us believe. The conditions 
of welding being known and the quality of material being guaranteed, it rests with the operator to make 
his job a successful one. 

He will, of course, have to adjust his own test methods, as for example, that of hearing the correct arc 
crackling, which owing to the general noise of the shipyard, even if the hammering of rivets be silenced, 
no longer becomes a guide. 

any methods of testing work have been suggested, some necessitating the use of intricate and 
expensive instruments, while others again depend on a more or less destructive examination of a portion of 
the weld. My own view is that visual inspection during and after the operation is by far the best method. 
If a weld has a good finish and is uniform and displays the right technique, then, already having 
knowledge of the conditions, the material and the operator, approval should immediately follow. Electrodes 
should be distinctly marked and easily recognised. 

Wherever practicable welding should be done on the ground, and both sides of the weld should be 
examined, for it is possible to have a good finished appearance without there being fusion at the root. 

It would be strange if the surveyor’s testing hammer were replaced by a microscope, and yet this is 
not without the bounds of possibility. 

Destructive tests, by drilling out the weld material and examining the turnings for slag deposit, or 
~ any other way, are not likely to be popular, nor is the use of sound or ray instruments feasible in 
ship work. 

In fact, with instruments of this kind, the accuracy of the inspection might depend on the human 
element to a greater degree even than the quality of the weld depends upon the operator. 

The appearance of the metal after the removal of the slag is not altogether a true guide, since the 
blue or purple tinge is not necessarily an indication that the metal has been burnt—it may simply be the 
result of removing the slag while the weld is still hot. 

Grooving or undercutting is a serious fault which, however, can readily be observed and remedied 
by making another run to fill the groove. 

Some authorities state that whenever the electrode tip is “ weaved,” i.e., given a side to side movement, 
a line of slag is left in the corner, also that side movement in a fillet weld (see Fig. 3) causes continual 
change of are length, which of course would be very undesirable. 

I am not prepared to say that this is so, but it indicates at least that a welder trained on bare wire 
or light coated electrodes should not be asked to use heavy coated ones without additional instruction. 

Generally speaking, several small runs are to be preferred to one or two big ones, though it 
sometimes occurs, as in, say, the building up of a shell seam in an old ship, that this is not practicable, 
and the full contour of the fillet is given in one run. 

Welding by the use of automatic welding machines, of which there is now a good variety, would 
prove advantageous in many respects, but somehow I cannot see that coming in general shipyard work to 
any great extent in the near future. 


OMISSIONS. 


I feel I must take shelter behind the title of this paper for such wholesale omissions as those coming 
under the chemical and metallurgical sides of welding. 

To my mind the preparation and study of micrographs is a most fascinating one but this, unless taken 
as a hobby, is not possible to the outport surveyor. He has a multiplicity and variety of duties in the 
ordinary way of business quite sufficient for his purpose. 

If, however, our steel experts were to give a brief resumé of the present position in regard to the 
miscroscopic examination of etched welding specimens I am sure it would enhance the collective value of 
the discussion. I cordially invite them to do so. 

Then again, there is the most interesting subject of electric welding as applied to boiler repairs. 1 can 
only leave it to my engineering colleagues either to take up in a similar manner to this paper and so give us 
the opportunity of recording it in another Session, or else to give us the benefit of their experiences, hopes 
and prejudices in discussion. ; 

Our continental colleagues and those even further afield should also have much to contribute in respect 
of this important subject of welding generally. 
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NOMENCLATURE. 


A good deal could be said under this heading and it is very desirable that there should be general 
agreement in defining and indicating by symbols on plans, the extent and type of welding required. 


It is not my purpose to investigate this matter, though I think the Classification Societies are in a 
unique position to do so should they desire, on account of the plans that come up for approval and they 
could devise a standard system of marking which would be of great use to shipbuilders. 


One sign which I think should be universal is that giving the size of the weld, as for example 10/9 
which means that a length of nine inches of weld is laid with a No. 10 electrode. 


THE SHIP OF THE FUTURE. 


Opinion would appear to be divided pretty sharply as to the use in the near future of welding in ship 
construction. I have no hesitation myself in saying that its use will become more and more important and 
universal as time goes on, and that it will radically alter the design of our ships and our shipyards. Electric 
welding is not like ferro-concrete—a passing method of construction due to expediency. It is the result 
of progress and has come to stay. So far, in the main, we have only dealt with the alphabet of welding, as 
for emir, the construction and attachment of secondary and non-structural items; occasionally we have 
completed a sentence in the form of a welded deckhouse, seating, ete. Soon our book will grow chapter 
by chapter, as bulkheads, decks, tank tops and such like surfaces are completed; next will come the whole 
book in the form of the entirely welded ship, and then one edition after another. 


I had a letter the other day from the General Superintendent of the Federal Shipbuilding & Dry 
Dock Company, New Jersey, which yard I had the privilege of looking over during a very brief visit a 
year ago, and while having nothing of outstanding importance in regard to electric welding to report, he 
told me that they were applying some 75,000 lbs. of welding rod per ship having a structural steel weight 
of about 5,000 tons. Had the same question been put a few years ago it would have been hundreds 
instead of thousands of pounds of electrodes, and yet it is evident we are still in the crawling stage. 


Much will be made of the difficulties of erecting the welded ship and of its probable cost. 
Distortion also looms large. 1 cannot explain these difficulties away, they are indeed real, though I 
understand the bending slabs have been used with advantage as a platform for assembling and welding 
flat surfaces, such as bulkheads. New designs and arrangements are essential. Electric welding is the 
“invisible mending” of ship construction, and our idea of butts being a weakness will have to disappear. 
Why should not ships be plated transversely in rings, when all the stiffeners, such as frames, floors, etc., 
could be welded in position on the ground ? 


No doubt questions of this nature will come up for decision in the not too distant future. 
It seems to me that the time has come for the building of a modern ship by electric welding. 


The interests of the shipping, shipbuilding and welding communities could not better be served at 
the present juncture, nor would the word ‘ Experimental” any longer form part of the Class. 


A ship of this type would not be large—perhaps about 350 ft.—but it should be possible to try out 
electric welding in a larger ship, say, by fitting a completely welded fore end. Indeed, this might be a 
very good experiment, as during the life time of a ship damage is more likely here than anywhere, and 
accordingly it would be under frequent observation. Rivet trouble, due to pounding, would at least be 
eliminated ! 


Well, gentlemen, my time for the writing of this oo has been very limited, but if it has opened 
up lines of enquiry in your minds I am more than satisfied. 


I have included in the Appendix a number of items which I think may be of general interest, as 
showing what is being done, in part at least, on the Tyne. Many firms are alive to the possibilities of 
electric welding to-day—they only want opportunities of showing that they are. 


I wish to acknowledge the courtesy and help I have experienced from all firms and individuals with 
whom I have communicated and been in touch during the preparation of this paper, and they are not 
a few. 
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APPENDIX. 


us. “SHEAN”, ev “ FOLLAGAR.” 
Dimensions: 150 ft. by 23 ft. 9ins. by 11 ft. 6ins. to main dk., 15 ft 6ins. to quarter dk. 


As is well known this ship was built by Messrs. Cammell Laird & Co., in the year 1920, and was the 
first seagoing vessel to be constructed in which electric welding was used to the total exclusion of riveting. 
Her class was “*K]QQA1” with the notation “ Hlectrically Welded, Subject to Annual Survey— 
Experimental.” 


For some years she was engaged in the coasting trade, a service which at times took her into very 
heavy weather and in which she met with the usual mishaps. Thus, in 1924 she grounded on a sandbank 
in the Mersey, but, floating off the next tide and remaining intact, although showing signs of serious 
damage, she proceeded on her voyage. When dry docked on her return to Liverpool it was found that 
the bottom plating was set up some 11 ins. from bilge to bilge over a length of 50ft. After this examin- 
ation the vessel proceeded under her own power to Leith for repairs, which were effected by pressing the 
bottom back into position by means of shores and hydraulic jacks. A description of this repair has been 
recorded recently in our Transactions by Mr. Sellex. 


Subsequently, having been purchased by a Cement Company, the vessel crossed the Atlantic and 
took part again in coasting service, but this time in British Columbia. In October, 1980, when carrying 
a cargo of 10,000 bags of cement, she struck a rock at full speed and sustained severe damage to her bow. 
Examination showed that in no case did the plates tear apart at the welds. The vessel was repaired and 
is still in service. 


In 1928 the Society agreed to surveys being made every two years instead of annually, and the 
notation was amended accordingly, which is direct evidence of the vessel having proved satisfactory under 
service conditions. 


Plates I and II give some idea of the details of construction. 


CHEMICAL ANALYSIS. 


In Sir Westcott Abell’s paper “ Electric Welding for Shipbuilding Purposes” read before the North 
East Coast Institution of Engineers & Shipbuilders in November, 1918, the constituents of ordinary steel 
plate, of the metal of the electrode and the deposited material of the weld, were indicated as follows :— 


Steel Plate. Electrode. Weld Deposit. 
Carbon a “160 136 030 
Silicon Dy 025 | 110 020 
Sulphur... “034 080 | 031 
Phosphorus a 028 O15 | 020 
Manganese ... “500 “B50 037 


Showing that the carbon and manganese were almost oxidised away during the process of welding, 
the deposited material being practically pure iron. 
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In Mr. Foster King’s and Dr. Montgomerie’s joint paper “ Electric Arc Welding in Ship Construction” 
read before the Institution of Naval Architects in March, 1932, a typical chemical analysis of electrode 
and deposited metal is given as follows :— 


Electrode. Deposit. 
Carbon are ve “187 ‘087 
Silicon za 5 ‘171 007 
Sulphur... TA "035 “038 
Phosphorus ... Frc 009 019 
Manganese ... at "332 "204 


It is noticed that with the improved conditions of welding and of electrode coating it is now possible 
to retain in the actual weld material a much greater portion of carbon and manganese than formerly. 


ELECTRODE SIZES. 


S.W.G. Diameter. Nearest Fraction. 
No. Inches. mm. Inch. 
4 232 5°89 43 
6 192 4°88 ts 
8 "160 4:06 32 
10 128 3°25 4 
12 104 2°64 os 
14 080 2°03 ny 9 


TESTS CARRIED OUT AT THE WALLSEND SurpyarD oF Messrs. Swan, Hunter, & WiGHAM 
RicHarpson, Lrp., Aueust, 1932. 
(a) Two plates 12ins. by 9ins. by 3, in. thick, veed to 70° with in. opening at bottom, were 


welded together, using a known electrode, by three runs, first No. 10, then No. 8 and No. 6 gauge with a 
No. 10 bead on the reverse side. 


_ The current used was 100 amps. for the No. 10 rod, 125 for the No. 8 and 150 for No. 6, the voltage 
being 100 throughout. 


, gre lengths deposited per electrode were 6%ins. with No. 10 rod, 9 ins. with No. 8 and 64ins. 
with No. 6. 
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The plate was next planed and four test strips cut from the same and smoothed on edge. 
The strips were then bent by applying a gradual pressure at the centre of the vee and the angle 

recorded. (Fig. 5.) 


Fia. 5. 


In two instances there were no signs of fracture when the plates were bent to within 76° and 77° of 
each other, i.e., through total angles of 104° and 103° respectively. 

In the two other cases there were slight laminations at the edge when the total angles were 103° 
and 97° 

(b) Test pieces of weld material deposited in the bosom of an angle bar showed average tensile 
strength of 24°55 tons per sq. in. with elongation 13 per cent. on a length of eight times the diameter. The 
breaks were fine grained, with little evidence of slag, but with many small blow holes. 

(c) The ordinary plate test piece, 2 ins. by 881 in., broke at 26-4 tons per sq. in., and the elongations 
on 2 in., 4 in., 6 in. and 8 in. lengths were respectively 25:0, 83°25, 31°5 and 27°75 per cent., the fracture 
occurring about 1} ins. from the centre of test piece, 1.e., between the 2 in. and 4 in. gauge lengths. 


(d) Overlapped end conections, joggled as shown (Fig. 6) had ultimate tensile strength of 27:25 tons 
per sq. in. with the weld left rough, and 27-94 tons per sq. in. with the weld smoothed. One specimen 
broke in the position shown, while the other broke in the ordinary plate, some 2 ins. from the standard 


fillet weld. 
7 * 
. \ { % - 
375%2° Naeuied bo ibd 2% 


dren he a i a 


Fic. 7. 


(e) Overlapped end connections, as shown in Fig. 7, broke at 26°05 tons per sq. in. for rough weld, 
and 26°65 tons per sq. in. for smoothed weld. The test pieces tended to straighten in the grips. 
Fractures occurred in both cases just at the end of the weld fillet. 
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Tn both (@) and (e) the British Corporation require the connections to show a tensile strength not less 
than that of the plate. 

(f) Test pieces, having a longitudinal butt weld down the centre, withstood the 134 tons 
per sq. in. tensile test on the cross section satisfactorily. Even at 18 tons per sq. in. tensile the welds 
were not visibly affected, though at 26°8 tons per sq. in. tensile pull there were indications of flow in 
weld metal. 

(g) Butt weld test pieces, with the weld surfaces planed flush, were broken at 27°65 and 26-2 tons 
per sq. in. respectively, the corresponding elongations being 16°65 and 7°65 per cent. on a length of 8 ins. 
and 20°25 and 9°5 per cent. on 4 ins. The specimens broke in each case through the weld, the plate 
thinning either side of weld or, in one instance, mainly at the weld itself. 


TESTS CARRIED OUT AT THE WALKER SHIPYARD OF Messrs. Sir W. G@. ARMSTRONG, 
Wuitworty & Co. (SHrpBurLpers), ITD. 
Early this year the above firm tested the relative value of welded and riveted attachments for 


bulkhead stiffeners. The idea was to take a panel of an oiltight bulkhead, as shown in Fig. 8, and 
subject it to varying pressures. 


1. In the first case, tests were made with stiffeners on the outside of the box, the box being made of 
12 in. channels and -35 plating. On one side a 7 in. by 3} in. by “46 in. bulb angle was attached by 
hydraulic riveting, the } in. rivets being spaced 43 ins. centre to centre. On the opposite side an 8 in. by 
‘40 in. bulb plate was attached by intermittent and staggered welds, the 2} in. runs being 10} ins. apart, 
the end weld being on both sides. The ends of the stiffeners were not sniped. Murex No. 8 flux coated 
electrodes were used throughout with three runs each side, giving a standard fillet 37 ins. wide. The 
pressure due to test head of 24 ft. is 10°4 lbs. per sq. in., and the stiffeners were actually tested to 25 lbs. 
pega we ange signs of leakage anywhere. The resultant deflection was } in. for both riveted and 
welded stiffeners. 
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2. In the second case, the stiffeners were inside instead of outside the box, the connections being as 
before. Pressures were applied up to 100 lbs. per sq. in. and the following deflections noted :— 


Deflection in Inches at Mid-length. 
Pressure. 
Lbs. per sq. in. 
Riveted Stiffener. Welded Stiffener. 
] 
20 t ¢ 
25 } ra 
30 | Ye 
40 Ye 1's 
45 3 } 
100 4 1s 


The deflections were not entirely in stiffeners as the ends of same were sunk in the plating about 4 in. 
on completion of test, due to the stiffeners not being sniped at ends. 

On completion of the test up to 100 ]bs. per sq. in. pressure it was noticed that the plate upon which 
the stiffener was welded was set out approximately } in. at each end without disturbing the welding, 
whereas on the opposite side in way of the riveted stiffener the plate was slightly deflected and there was a 
space between the stiffener and the plate which extended slightly beyond the end rivet. 

Two rivets at one end and one rivet at the other end of the riveted stiffener showed signs of leaking 
at 30 1bs. per sq. in. pressure. 

No defects appeared in the welded connections. 

3. Thirdly, the ends of the welded stiffener were sniped and the box was tested to destruction, with 
the result shown on the photograph. (See Fig. 10). 

The welding here still remained remarkably good. 

4. A similar sized box was also tested, having a welded butt in one panel and a 24 in. landing in the 
other with a full fillet weld on the outside and a light run on the inside, there being also 3 in. rivets 
11 ins. apart for erection purposes. 

The following deflections were noted :— 


Deflection in Ins. in Mid Length. 
Pressure. 
Lbs. per sq. in. 


Seam Fillet. 


Butt Weld. 


10 3 qs 
15 Te \e 
20 ‘ a 
v2 8 H 


At 55 lbs. bia’ mS in. pressure, although deflections were not taken, no welding defect was observed. 
One rivet leaked slightly at 32 lbs. sq. in. pressure. 
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Another convincing test was carried out by the same firm as indicated in photographs. (Figs. 11 and 12.) 

This test demonstrated the holding power of welding. ‘Two 1} in. diameter steel eye plates were 
welded to a § in. steel plate by fillets, 4 in. wide and @ in. high, at the rectangular base of the eye, 5} ins. 
in length and 2 ins. in breadth. The ordinary working load of this eye plate would be ten tons. It actually 
broke through the eye at a pull of 57-3 tons, without causing any visible defect in the welding. 

As a matter of fact it is easy to see that the welding would by itself have withstood a considerably 
ereater pull than this. 

The other example is even more striking. It shows the ordinary type of eye plate plug welded to the 
intermediate plate through four ¢ in. diameter holes. 

The holes do not pass through this middle plate as would be necessary with riveting. 

The welding withstood a pull of 40 tons without showing any signs of defect whatsoever and 
theoretically would have stood a good deal more. 

RESISTANCE TO Corrosion oF WELD MATreERiAL.—Specimens of welded joints have been subject in 
sequence for nearly a year, to immersion in petrol, salt water and the atmosphere, week and week about, 
without any unfavourable results. The same applies to samples in oil fuel, and in a 2 per cent. solution 
of sulphuric acid, granted, of course, in each case that the electrodes were of good quality. 


s.s. “BELLE [sun.” 


Built by Messrs. Swan, Hunter, & Wigham Richardson Ld., Wallsend-on-Tyne. 
Dimensions :—240 fl. x 37:5 ft. x 21 ff. 


This vessel was built early this year for the Newfoundland Canada Steam Ships Ld., for passenger 
service on the North American Coast and classed >1QQA1 with freeboard, having the notation 
* Strengthened for Navigation in Ice.” 

The whole of her deckhouses both on and above the bridge deck were electrically welded. That on 
the bridge deck alone was some 75 ft. in length. The plating was finished with a flush appearance on the 
outside, as shown in Fig. 13. 


Several welded deckhouses have been built by this firm with complete success, 

It is said that the saving in weight in the case of the “Belle Isle” resulted in an increase in 
metacentric height of approximately 2 ins. 

Fig. 14 shows the ship nearing completion. 
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T.S.8. ‘ CHANGKIANG.” 


Built by Messrs. Swan, Hunter, & Wigham Richardson, Ld., Neptune Yard. 
Dimensions 360 ft. by 56 ft. by 21 ft. 


This vessel, which is nearing completion by the above firm, is a train ferry built for the Chinese 
Government for service on the River Yangtse. 

The stringer plate of the lower deck over a length of 100 ft. or so each side was formed of intercostal 
plate shoes which were connected to the deck by a single riveted seam and welded to the shell and frames 
as shown in Fig. 15. 

This deck in part forms the top of heeling tanks and was, of course, satisfactory under test. 


s.s. “Port Hunter.” 


Owners: Commonwealth & Dominion Line, Ld. 


In October, 1930, this vessel reverted to oil burning and considerable extensions were made to the oil 
fuel capacity by the Wallsend Slipway & Eng. Co., Ld. 

Additional oil fuel bunkers, some 35,500 cubie ft., were built into the ship between the main and 
upper decks over a length of 80 ft. or so. 

The single riveted seams on the upper deck were augmented by a continuous run of electric welding, 
the work being carried out by the Premier Electric Welding Co., Ld., and under the usual test pressures 
and working conditions the bunkers were entirely satisfactory. 


ss. “SAN GERARDO.” 
Owners: Eagle Oil & Shipping, Co., La. 


This vessel, one of the above company’s 13,000 G.R.T. tankers, was in dry dock at Messrs. Smith’s 
Dock Co., Ld. for various repairs in November 1929. 

While there, a defect noticed in the sole piece of the stern frame on the starboard side was veed out 
and electrically welded. The extent of the vee was some 9 ins. in length, 1} in. maximum depth and 
shallow at the ends, and it cut across what appeared to be an old weld. 

The ship was next reported some two or three hundred miles out in the Atlantic, having lost her 
rudder and stern frame and being buffeted about by terrific seas. 
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Eventually she was towed into Falmouth and drydocked, when photographs (Figs. 16 and 17) 


were taken. 
Tt was satisfactory to note that the stern frame broke well clear of the welding. 


THroreticaL SAFE Loap pER Linear [ncn oF Frnter WEtLps. 


Depth of Throat. Theoretical Safe load in Tons per Linear 
Inches. Inch of Side Fillet Weld. 
THICKNESS 
OF PLATE. Throat x 4* 
Inches. Light. | Full. Reinforced. , 
Light. | Full. | Reinforced. 
10 O4 07 10 16 | 28 | 40 
20 O7 “14 20) 28 a6 | “80 
25 | 09 175 2h 36 70 | 100 
30 11 21 30) | “44 &4 120 
40 14 28 “40 56 1°12 1°60 
50 17 | 34 0 “68 1:36 2°00 
60 20 | 40 60 “80 1°60 2°40 
70 23 46 70 “92 1°84 2°80 
re) 24 48 75 "96 1°92 3°00 
80 25 50 80 | 1-00 2°00 3°20 
“90 28 “55 90 1°12 2°20 3°60 
1:00 “30 60 1:00 1:20 2°40 4°00 


*Assuming weld metal of 20 tons per sq. in. strength in shear and factor of safety five. 


THE STRENGTH OF ExLecrric Arc WELDS In StucturaL MILD STEEL. 


Preliminary Tests of Side and End Welds under Axial Loads. 
By E. R. Blackwood, at Melbourne University. 1928-1930. 
FRACTURE OF THE SPECIMENS:—In the tests on end welds failure occurred suddenly with no visible 


ielding. On the other hand, in testing the fillets as side welds the fillets yielded slowly, so that at the 
instant of breaking, the main plates of the specimens, originally ,\; in. apart were generally from * in. to 


} in. apart. 


In testing the specimens of side welds it was noted that fracture occurred first at each end of the 
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fillets, and travelled to the centre of the fillets. 


In no case did the weld metal tear out from the parent metal. 


Length of Fillet. A 
I, inches. 
1 2 
2 2 
3 Pr) 
4 3 
5 { 
6 t 


| = 

| WELD SIZE 

| 

| 10]5 
10/6 
10/7 
10/8 
Loja 


10/10 


w oe 


C M P 
inches 
oe: 
$ 4 8 
, #2 42 
4 4% WO 
h gu P 
4 1 12 


Fig. 21 (0).—Smn Webp. 


Mean Strength Tons per Inch of Weld 
Averaging Q.A. & E.M.F. Electrodes. 


End Welds. 


4°31 3°02 
376 2°88 
S43 2°74 
3°26 2°61 
i | 24 
3°03 2°49 


‘There was no decrease in unit strength with length of side fillet weld. 


See Figs. 21 (a) and 21 (0). 


FIRMS WHOSE Systems oF Enecrric WELDING HAVE BEEN APPROVED BY LLOoYD’s REGISTER 


uP TO DATE. 


E. M. F. Electric Coy. Pty., Ld. 

La Soudure Electrique Autogene S.A. (Procedes Arcos). 
Murex Welding Processes, Ld. 

N. V. Willem Smit & Co’s Transformatorenfabriek (Elare- Electrodes). 
S. A. Electro-Soudure ‘* Thermare.” 

The Agil or Agile System. 

The Blohm & Voss System. 

The Bohler Elite System. 

The British Are Welding Co., Ld. 

The Ferro-Are Welding Co., Ld. 

The Imashirode System. 

The Kjellberg System. 

The Quasi-Are Co., Ld. 

The Tamrare System. 

The Whitecross Company, Ld. (Armco Ingot lron Electrodes). 
The Wilson Plastic Are System. 

Weldries, Ld. 

Welding Rods, Ld., Sheffield. 
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Fic. 16.—s.s. ““SAN GERARDO.,” 


TYPES OF WELDED JOINT. 


Based on Table in Handbook of Murex Welding Processes, Ld. 


wen, 


t is thickness of plate in inches. 
L is length of weld in inches. 


Fig. 18. 


STRENGTH OF BUTT WELDS. 
E.M.F. M.S. Electrodes. 
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From paper by A. Ramsay Moon on “ Electric Arc Welding.” 


Fig. 19. 


STRENGTH OF LAP WELDS. 
E.M.F. M.S. Electrodes. 
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From paper by A. Ramsay Moon on * Electric Are Welding.” 
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DISCUSSION ON Mr. A. G. AKESTER’S PAPER 


ON 


ELECTRIC WELDING AS SEEN BY THE 
OUTPORT MEMBER. 


Dr. 8. F. Dorey. 


This paper is welcome, particularly at this time, when every endeavour is being made by the 
manufacturers of electrodes and welding equipment to further the use and practice of welding in ship 
construction. As the author rightly points out, there is a possibility of much greater use being made of 
electric welding of large structures in the near future, and it is essential that the staff of this Society 
should keep in close contact with recent developments. 


Apart from the usefulness of a paper of the character under notice, it is to be hoped that a frank 
and open discussion will follow, covering the practical experience of outport members. 


In considering the design of a welded structure, it would appear essential that the designer should 
break away entirely from conventional methods employed for riveted structures. 


Mention has been made of the use of bare and covered electrodes. There is, of course, use for both 
types of electrodes, depending on the importance of the part, its accessibility to the operator, and the 
degree of stress which has to be borne. Where stresses are likely to arise, the main point to be borne in 
mind is the ductility of the weld and of the adjacent material. For the majority of parts employed in 
hull structures subjected to stresses, it is impossible to heat-treat the job, and suitable covered electrodes 
should be used, capable of giving a sound homogeneous weld. Unfortunately this cannot always be 
guaranteed, as a very high degree of skill is required to get a perfectly sound weld, which is so essential 
where, as in the case of hull structures, the weld is liable to be subjected to fluctuating stresses. There 
is also the difficulty of satisfying oneself that the quality of the electrode employed is the correct one 
and that the resulting weld is a good job. To test the quality of an electrode, it is necessary to find out 
what sort of a joint it will make and what the condition is of the weld metal deposited, and the best 
method to employ for this purpose is by actually making a joint and testing it, and also taking tests from 
the deposited metal, thereby not only ascertaining the homogeneity of the weld but also obtaining an 
indication of the actual strength of the joint. Even with a suitable electrode it does not follow that the 
work performed will be a good job, as the joint may be spoilt through the use of incorrect current and an 
inefficient welding set. In this connexion it may be mentioned that the question of certification of welding 
sets is a matter for consideration. 


A simple and effective method of testing welds is to butt weld two plates together, sufficient to take 
say four test pieces 14 in. wide, drill holes through the line of weld of a diameter equal to twice the thickness 
of the plate, cut the test pieces through these holes at right angles to the weld and bend the test pieces 
about the weld ; a fairly satisfactory weld will give an angle of bend of 90°. 


Mention has been made in the paper of the angle of vee. This will depend to some extent on the 
thickness of the plates to be welded and the cost of the electrode. The fact must not be lost sight of that 
for a butt joint, provided the right type of electrode be employed and every care be taken in the process of 
welding, it should make very little difference what angle is employed. 


The writer has seen butt welds in plates up to 3 ins. thick where the width of deposited metal is 
only 4in. at the centre and 1, in. at the edges of the plate, and 180° bend test satisfactorily obtained. 
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Mr. W. THomson. 


Mr. Akester’s paper is to be welcomed as representing the views of an outport surveyor based on his 
actual experience with electric welding. 

My own connection with this system of construction has been principally on what might be called the 
technical side of its development and it is from this standpoint that I would offer a few remarks on some 
points mentioned in the paper. The first test to which any new electrode is subjected is naturally a tensile 
test and the author apparently has some doubts as to the wisdom of expressing the result as a percentage 
of the strength of the parent metal. In this test, however, it is well known that the breaking strength of 
the weld is appreciably affected by the properties of the parent metal and a higher tensile strength can be 
obtained by selecting parent metal of suitable properties. 

So far as the length of the tensile specimens aving a butt weld in the centre is concerned, there is no 
particular reason why these should not be made 18 ins. in length to suit the testing machine. 

The number of electrodes available is continually increasing, while the types range from the bare wire 
to the very heavily coated. As pointed out by the author, it is quite possible for a bare wire electrode of 
suitable composition to comply successfully with the Committee’s requirements in all respects save ductility, 
but where this property is required, coated electrodes would appear to be necessary. As an example of this, 
the U.S.A. Navy Regulations permit the use of a bare wire electrode depositing metal having a tensile 
strength of 25°5 tons per sq. in. with an elongation of six per cent. on two ins. 

There has been some controversy as to the degree of ductility which is desirable in welded joints, but 


I do not think there is any doubt that, in the primary structural parts of a vessel, it is essential that the 


ductility of the deposited metal should approximate as closely as possible to that of the steel in the structure. 
While it may be true that ductility does not come into play so long as the imposed stresses are below the 
yield point of the material, yet in structures subject to bai and ships certainly come within this category, 
ductility is essential if satisfactory results are to be obtained. In addition, it must. be borne in mind that 
if the deposited material is of a non-ductile character the possibility of serious contraction stresses being 
set up must be faced. 

It is too much to expect, in the meantime, that material deposited by electrodes will attain a 
“coefficient of quality” equal to that of mild steel, but a reasonable degree of approximation is both 
desirable and practicable. 

On page 26 there appears a table giving the theoretical safe loads per linear inch of fillet welding, but 
this seems to be based on the assumption that the safe load varies directly as the area of the fillet. Recent 
experiments have shown that such is not the case but that the maximum load per sq. in. is borne when the 
throat thickness of the weld is 80 per cent. of the length of the arms. 

There is no doubt that advantages would accrue from the adoption of a standard system of nomenclature, 
but membership of a committee, part of whose duty is to prepare such a compilation, has shown that even 
this relatively simple matter produces considerable divergence of opinion. The recent revision of the 
Society's Rules for Electric Welding, together with the publication by other societies of their requirements, 
indicates that classification bodies are fully alive to the importance of the subject. It is all to the good 
that these rules are generally framed on very broad lines, for any attempt to draw up detailed regulations 
at this stage of development would be harmful and restrictive, in view of the very limited experience 
available. Electric welding will play a large and growing part in shipbuilding and its ultimate success 


will be largely influenced by the wise handling in their initial stages of proposals to adopt its use. 


Mr. 8. ‘TowNSHEND. 

If comparisons are drawn between the progress made since 1905 in electric welding, flying and wireless, 
it can be seen that electric welding is lagging far behind. In 1905 Wilbur Wright made the first sustained 
flight in an engine-propelled aeroplane and to-day the sky is alive with aircraft. In the next year 
De Forest invented the three-electrode amplifying valve, and to-day the wireless cabinet is in almost every 
home. Yet, although in 1906 the first electric welding repair was carried out in a classed ship, to-day not 
a single typical ocean-going ship has been built with electric welding as the principal means of connecting 
the parts of its structure. 

Substantial progress has admittedly been made during recent years in the art of electric welding, and 
the fact that it has been successfully adopted in bridge building and in railway and tramway engineering 
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indicates the confidence which is now being placed in it as a substitute for riveting. I think the author 
is justified in predicting that the time is ripe for a rapid advance in the application of electric welding to 
ship construction. A revival in the demand for ships would materially assist to this end, but it will be 
necessary for every one to develop the electric welding mentality and to forget the riveting mentality which 
years of association have so rigidly fixed in the designer, builder and surveyor. 

During the past, the attitude towards electric welding has been one of diffidence and distrust and it 
is possible that this attitude has contributed to slowing up progress. The difficulty of determining that a 
weld is definitely satisfactory is quite appreciated, but I suggest that we are now sufficiently advanced to 
be able to cease regarding every weld with suspicion. 

The saying “ill news spreads rapidly,” seems to be peculiarly applicable to the ship and engineer 
surveyor. There may be 150,000 sound rivets and one leaky one; the former promote no discussion, but 
the latter may be the centre of a raging controversy. So it is with electric welding. One is apt so 
frequently to hear about the bad weld, that one might think that no good welds exist. The effect upon the 
uninitiated is to foster and spread distrust and I think that if, in the past few years, the subject had been 
civen fair publicity and sympathetic hearing, this country would not be so far behind America and 


(Jermany as it is to-day in the application of electric welding to ship construction. 


By quoting the comparative tests made by Messrs. Armstrong Whitworth & Co., the author indicates 
that electric welding can be quite as good as riveting. In this particular instance, the evidence points to 
the welding being befler than riveting. Tncidentally, it might be pointed out, that the welds were spaced 
df ins., centre to centre and not 104 ins. as stated by the author. 


The author mentions that the elimination of the redundant flange is not all gain, since it may be 
necessary to provide compensation, so that the support may be equivalent to that required in a riveted ship. 
In general terms, the omission of rivets will increase the strength of material which is in tension, but no 
cain will result in material in compression. It is obvious, therefore, that where welding is substituted for 
riveting, modifications in scantlings can only be made according to the part which the member is playing 
in the whole structure of the ship. In the case of a panel of plating, the absence of rivet holes round the 
perimeter will increase the strength of the plating at the edges of the panel, whilst the omission of the 
supporting flange of the riveted stiffener will increase, or not increase, the panel stresses according to whether 
the pressure is on the unstiffened or stiffened side of the plating. It might therefore appear that in the 
case of deep tank bulkheads, where the pressure comes on the stiffened side of the plating (the usual 
arrangement in cargo ships) there is some argument in favour of reduction in scantlings. In the case of 
other parts of the ship’s structure, particularly the shell plating, the loss of strength due to omission of 
supporting flange approximately balances the gain in strength due to the absence of rivet holes. On the 
whole, therefore, it appears that no increases need be made to scantlings when substituting welding for 
riveting in the principal parts of the ship’s structure. 

It must be borne in mind that it is rare for main structural failure to occur but that local failures, 
due to discontinuities and concentrations of weight and stress, are more often met with. It will therefore 
be necessary to see that suitable compensation is arranged when substituting welding for riveting at such 
parts as the tips of brackets, the ends of scarphs, the panting area, motor seatings, etc., and particularly at 
the ends of hard points in the structure. 

I do not understand why the author considers that joggling or straps will be probable in the welded 
ship of the future. If these are required for purposes of erection, I feel sure the builder will evolve other 
means to meet this purpose so as to preserve the weight saving advantage which should accompany the 
adoption of welding. 

Mr. Akester states that several small runs are to be preferred to one or two big ones. It may be that 
this is desirable in present day practice, but it is apparent that if genuine progress is to be made, a method 
must be devised for satisfactorily laying down a large run rapidly, and in this connection, would the author 
state if he is averse to the use of high-speed welding in which greater amperage and larger electrodes are 
used? One of the disadvantages is the liability to undercutting but, by careful designing, the work might 
be so arranged that a large amount of welding can be done on the ground and the structure can be tilted 
or canted so that the molten electrode fills the “undercut” immediately it is formed. 

I have heard it stated that welding made from bare wire electrodes corrodes more readily than that 


from covered electrodes. Were the corrosion experiments described by the author made with covered 
electrodes or bare electrodes ? 
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It is a far flight from soldering to welding, although the processes in some respects are similar. When 
one appreciates how very effective a thin fine run of solder can be in holding a heavy wire in place and how 
relatively inefficient a thick blob of solder can be in similar circumstances, one wonders whether two fine 
runs of continuous welding connecting a frame or a stiffener to its plating would be as efficient as the 
usual short, thick, intermittent welds fitted on alternate sides. In the latter case, except when the fit is a 
close touching one, there will always be a small space in which dirt can accumulate and corrosion occur, 
and which might be somewhat troublesome in oil tankers. 


I desire to congratulate Mr. Akester upon his courage and initiative in giving us this paper on electric 
welding, and to thank him for making one of the most welcome and valuable contributions to the 
Transactions of the Staff Association. 


Mr. A. Ewrna. 


Mr. Akester has evidently devoted a great deal of thought and study to the subject of welding, and 
is inclined to take us to task for our slow advance in the use of arc-welding. 


Like the author, I am sure that arc-welding will have a much wider application in shipbuilding in 
the future, but much more experience will be necessary before the riveters are regarded as back numbers. 


We engineering colleagues are constantly dealing with repairs which would be difficult to accomplish 
without welding. 

As far back as 1912 I have seen repairs done by arc-welding, and provided good judgment is used 
in where it should be applied, and the work is efficiently done, the results are most satisfactory. There are 
some places, however, where welding is not satisfactory. 


On page 2 the author refers to a specimen weld made at the heel of the propeller post of a stern 
frame. That isa place where, in my opinion, welding alone is not to be trusted. The section to be 
welded is so large that the first part (in the middle of the section) is brought into compression by the 
cooling of the last part of the welding on the sides, the sides being in an initial state of tension. 
In addition to the fact that each part of the section is not doing its fair share of the work, the 
alternating stresses set up by the vibration of the stern and the action of the sea on the rudder, rules out 
the forward end of the solepiece as a suitable place for extensive welding repairs. There are other places 
where welding could be used to advantage, even if the costs were higher than riveting. 

In the side oil bunkers of large ships, the stringer rivets starting to leak through the vessels coming 
heavily on to fenders or piles may, in themselves, be minor defects, but repairs entail steaming of tanks, 
and the costs and incovenience are a very serious consideration. 


Welding in such places would lend itself to modified design of stringers and save the piercing of the 
shell for riveting. There are many places in corners of oil bunkers that can never be kept tight without 
welding, so why not weld in the original construction ? 

When shipbuilding revives there will be opportunities for applying are-welding, but the men will 
have to be trained to do the work, and the extended use of welding must be gradual. 

It is contended that the inspection of welding is difficult. Certainly it is, but as the use of it is 
extended, the men will become more efficient, and the average of the work will be as high as the average 
of riveting. 

We all know that the strength of the average riveted joint is below the theoretical strength, and 
some are far below. 

No surveyor can see all the riveting done any more than he can see all the welding. We may all 
have our ideas of what should be done, but shipbuilding is real business. The fact that the “Pocket 
Battleship” made welded construction necessary to save weight, regardless of cost, has no bearing on the 
construction of merchant ships. 

Up to the present the shipping world has not been convinced that welded construction is cheaper 
and until that is done, the rivetless ship will be an ideal of those interested in welding. I thank 
Mr. Akester for his paper. 
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Mr. A. URWIN. 


As a temporary exile from the same port as Mr. Akester, I am glad to see him here to-night and I 
welcome also the subject of the paper. 

He has given us a short account of the evolution of electric welding, and it would now appear that 
the process has reached a stage when it can be released from the specialists and can he employed without 
the need of licenced operators. As licences are required by operators in Germany, does this mean we 
have greater faith than Germany—or only that our shipbuilders resent licences as a form of interference 
with their affairs ? 

It is startling to read in page 6 that the ductility of a weld may vary from 2 to 22 per cent. elongation, 
and the Izod value from 3 ft. Ibs. to 40 ft. lbs. by different operators using the same type of electrode. 
Such a variation would appear to exaggerate how the process can be abused and the importance of the 
human element factor. This factor, in conjunction with the absence of convincing means of testing, is 
undoubtedly the underlying reason of the mistrust with which the subject is viewed. There are, however, 
plenty of builders in this country prepared to go right up to the limit of the all-welded ship and are held 
back just at the point where welding cannot compete successfully on the question of cost. 

On page 7 the author pleads for an electrode that will give an easily removable slag to suit the piece- 
worker—a very sound argument—and yet a few paragraphs later favours retarding new types of electrodes. 
Surely progress must go on, first hy new types being brought forward, and afterwards by means of selection 
from the varieties offered. Rather than restrict new types, it would appear preferable to concentrate on 
the selecting process and bring out the best. 

it would be interesting to have Mr. Akester’s opinion why the Germanischer Lloyd wish to avoid 
overlap welding. Is the objection in any way connected with corrosion? The question of corrosion is 
very vital, as the amount of deposited material is small and has its greatest width at the surface. I haye 
seen odd cases of severe wastage in seam welding, and, while it may have been due to hastily deposited and 
overheated material, | am inclined to think it might be connected with the rough finish left by the welder. 
There is certainly a connection between roughness of surface and corrosion, and on the question of surface 
finish it is interesting to observe that in the tests detailed on page 21, smoothing the welding was accom- 
panied by an increase of 24 per cent. in the tensile strength. 

| would like to add my thanks to Mr. Akester for his excellent paper and the many good points he 
has brought forward for discussion. 


Mr. R. 8S. JOHNSON. 


It is not easy to agree with the author that the time has arrived for the construction of the all-welded 
ship, that is if, as appears to be the case, he-has in mind the application of the system to ships of the 
average deep sea type. It may be accepted that electric welding will gradually replace riveting in ship 
construction but it is suggested that progress will be best served if made with somé degree of caution. 

Much of the information given in the paper appears to support this view for we find it stated that the 
ductility and hardness of weld material can be made to vary considerably, using the same electrode with 
different welding procedure, whatever this latter may mean exactly. Also under the sub-heading “Current” 
there are several paragraphs which describe how the size of electrode, the thickness of coating, the type of 
job, ete., are factors requiring adjustments to be made to the system if the best work is to be obtained, yet 
it is stated, that these are considerations about which the welder does not worry so long as the metal flows 
and gives good fusion. It may be, of course, that the welder is right in considering that this isa sufficient 
test to prove that the system in use is all that it should be for the work being done, but when we know 
that so much depends on the operator the possibilities of inferior work are not insignificant. 

That good welding can be, and indeed is done, is established, but even the best of workmen become 
tired, and when we find the author stating that the piece-work operator will have little time to spare for 
slag removal, his recommendation for the use of electrodes having a coating which forms an easily removable 
slag can be fully appreciated. 

The experience gained of welding in practice where both good and bad work is found, rather indicates 
that the non-observance of technical details is a matter of some importance, and supports the view that the 
application of welding on a large scale to ship construction should not be too rapidly advanced. Especially 
may this be considered so, as at the present time so little is known about welding in its application to 
large and complicated structures subjected to such varied conditions as are encountered by a ship in service. 
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The sea is no plaything and the safety of life at sea and the safe transportation of cargoes are matters of 
very real concern, and it may be suggested for the present, welding might usefully be confined to the 
internal structure and deck erections so far as the average size of deep sea ship is concerned. 

This would afford ample opportunity to gain experience of welding in service, and would also establish 
sound methods for building up the elements of construction and for their erection in the ship, which 
would avoid the evil of distortion, a consideration which is undoubtedly one of the major problems to be 
dealt with in welding work. 

Under the sub-heading “Gap at bottom of Vee” the author refers to an increase in the ductility of 
the weld metal as the strength of the plate is reduced. I take it that this means that where steel plates 
of low tensile strength and relatively high ductility are to be welded, the use of a small gap results in a 
relatively greater amount of the steel being fused in the weld. This would only apply to thin material 
where little or no veeing of the plating is necessary. 

Where fairly thick plates are joined by welding, several runs are required to fill the gap and the 
deposited metal which solidifies in layers has an internal structure which more resembles that of a casting 
than of rolled steel. Is there not then in such material a danger of fracture resulting where important 
strength members are concerned? The internal structure is probably non-homogeneous and such as would 
promote a very varied stress distribution through the weld. Also the joining together of mild steel plates 
by a fused material would tend to form hard spots in a continuous structure and it is suggested that in 
design, welded joints would be better kept well clear of zones where heavy stresses are likely to occur. 
In the case of bulkheads subjected to water pressure, for instance, welded seams would be better arranged 
well clear of the stiffeners. 

Reference is made to the possibility of reducing the thickness of shell plating when riveting is 
substituted by welding. This does not seem reasonable especially with normal frame spacing, but there is 
some argument in favour of a reduction in the case of watertight bulkhead plating where tightness may be 
considered a primary consideration, as it is usually the rivets which give out first under excessive test. 
This view is to some extent supported by the results of the tests described in the paper. 

These experimental tests are not very impressive and it is rather surprising that more extensive and 
full size experiments have not been carried out to test the relative efficiency of welding in its application 
to shipwork, especially having regard to the claims made for the system. 

The author makes a tentative suggestion that all-welded ships might have the shell plating arranged 
transversely. ‘This certainly shows an unbounded faith in welding which is somewhat difficult to share 
even with the shell and deck longitudinal strength members excluded from such a scheme. 

The paper is a very useful contribution to the transactions of the Staff Association and it is a 
pleasure to have this opportunity to express my appreciation to the author. 


Mr. W. M. Baurour. 


Mr. Akester has chosen an opportune moment to present his paper, as welding, as far as shipbuilding 
is concerned, has entered on a new era. A welded connection is now recognised as an alternative to a 
riveted connection. It is doubtful, however, whether at the present moment many shipowners, their 
technical representatives, shipbuilders and surveyors have full confidence in welding as a strength 
connection. The attitude of the majority is to accept welding, subject to reservations and safeguards. 

For instance, a hold frame extending into the ‘tween decks had to be cropped, removed, faired and 
refitted. The owner’s representative objected to a back bar. The frame was cut at the half depth 
of the beam knee, welded, and extra rivets fitted through the knee and frame. 

On another occasion, a shell plate fractured for a few inches when the plate was being faired in place. 
Holes were drilled at the end of the fracture, the fracture and holes welded and a strap fitted on the 
inside. These two examples are typical of many and illustrate a lack of confidence in welding as a 
strength connection. Nor is the reason difficult to find. 

In a riveted structure, one can have confidence in the workmanship, as one sees the plates in position, 
the holes conforming well one with another, the countersinking of the holes good, the plating well screwed 
up and the rivets hard home with good points. There is, however, a great satisfaction in a final 
examination with test hammer and feeler. The whole process of construction can be carried out under 
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piece-work conditions with the minimum amount of supervision and a surveyor can overtake and supervise 
a large amount of new construction. 

With the welded structure, the position, as far as can be ascertained from this paper and other 
publications, might be summed up as follows :— 


(a) the conditions to insure a good weld are known, 

(b) The efficiency of the plant and the skill of the operators can be determined on sample 
pieces which are tested to destruction, 

(c) the material employed can be tested. 


Supervision consists on seeing :— 


(a) the material properly prepared and assembled, 
(b) watching the operators at work, 
(c) a final examination to see that the welded surface is good and that the dimensions of the 
weld conform to requirements, 
but a final test is at present impossible. 

When welding is adopted and piece-work conditions are introduced, supervision will become much 
more exacting and it is doubtful if a surveyor will be able to overtake and supervise the same amount of 
new construction. 

In the early stages of the adoption of welding to the strength members of a ship, any failure, that 
may arise will be due to technical difficulties and not to careless or bad workmanship, but the real testing 
time for the all-welded ship will come when the methods adopted have been proved to be successful and 
the vessels are contracted for in the competitive market and built under piece-work conditions. It is to 
be hoped that before this ever arises man’s ingenuity will have devised as suitable an instrument for the 
all-welded structure as the test hammer and feeler have been proved to be in the all-riveted structure. 


At the moment many technical difficulties have still to be overcome in the construction of the all 
welded ship. Mr. Akester has touched on some of these problems and has given us, from his practical 
experience as a welder, a fund of information which should be most useful. 

One of the ditficulties to be overcome is distortion. Assuming that good welding can be carried out 
on the shipbuilding berth on the strength members of the structure, say the shell and strength deck of a 
vessel 400 ft. in length, would the welded structure as a whole be efficient ? 

Welding has been fairly extensively applied to bridge construction of the lattice girder type with 
satisfactory results, but in this type of structure few members are welded together on all four edges, so that 
it is difficult to make deductions and comparisons. 

When small box shaped structures and thin deck plating are welded distortion may arise. In the case 
cited above, the shell and deck plating may be so heavy and the frames and beams effect such a constraint 
that no distortion may be seen but would the structure be free from serious internal stress ? 

Once the technical difficulties are overcome, it appears reasonable to assume that the initial capital 
cost of construction of the all-welded ship will be less than that of the all-riveted ship so that the incentive 
to progress with new methods is great and rapid advances can be expected. The paper that Mr. Akester 
has read to-night is therefore most opportune and is a useful guide and will be helpful in the appoach to 
the new era in shipbuilding methods. At the same time one must have regrets at the silent revolution now 
taking place. Shipbuilding was, and at the moment still is, essentially a business for skilled tradesmen who 
have served an apprenticeship, but it will become to a great extent, a business for semi-skilled men who 
have served a few months training as a welding operator. 


Mr. W. Kimper. 


With regard to the two abstracts from the “ Welding Journal” on page four of the paper, no doubt 
included with a view to spurring us on to better effort, I think in fairness to our Senior Service, the 
possible risk of committing a breach of the Official State Secrets Act might well be taken in this instance 
by drawing attention to the fact that in 1917 a broken strut of the starboard outer “A” bracket of 
H.MLS. Swift was successfully repaired by are welding. The repair in question was executed at Chatham 
by outside contractors and it was stated at the time that this was the first occasion that are welding had 
been used upon a British naval vessel. 
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Under the heading of tests, I note the suggestion for more latitude with regard to the size of the 
test pieces, which reminded me of an instance where the present ruling was considered to be something of 
a hardship to anybody not possessing an outsize in testing apparatus. 

With reference to the failure of riveted joints subject to vibration or pounding, it is submitted that 
such joints can never be really satisfactory as they depend chiefly on the friction between the plates for 
preventing initial movement. With hot riveting, it is highly improbable that the rivets properly fill their 
holes owing partly to the contraction of the rivets due to cooling after the riveting operation is finished. 
The resulting connection is similar to the flanged coupling between crankshaft and flywheel of an oil 
engine where the coupling bolts do not properly fill their holes. It is the small initial movements which 
must be prevented. In the case of the coupling, this is accomplished by using properly fitted bolts. 
Friction between the surfaces being quite subsidiary. The same degree of efficiency cannot be obtained 
by riveting even when the holes are drilled and reamered. Further, in the case of engine seatings, oil 
finds its way between the plates, lubricating the surfaces and inviting failure. 

The adoption of welding in one or other of the many forms illustrated, certainly holds more promise 
of making a really sound job. 

Will Mr. Akester kindly give us his views on the “ interworkability” of the many systems of arc 
welding now in use? Arc welding experts as a general rule will not attempt junction welds of their 
work and that carried out by the oxy-acetylene process, and in the case of new are welds joining up with 
old, the results are not always to be relied upon. 

In conclusion I should like to record my thanks to the author for his most interesting and instructive 


paper. 


Mr. C. BARTLETT. 


Mr. Akester’s excellent précis on electric welding will, no doubt, be discussed from many angles by 
members of the Staff Association, and the following remarks will be confined to a few salient features. 
From the standpoint of the average surveyor, the most important consideration is the satisfactory 
inspection of the work. On this subject the author says: ‘‘ My own view is that visual inspection during 
and after the operation is by far the best method.” 

Another expression of opinion on this subject, built up from elementary considerations, may be 
excused on the score of limited general experience. In my mind, the electric weld and the ordinary 
blacksmith’s weld have a great deal in common. Some years ago | had actual practical experience at the 
anvil, welding together a large number of rounds and half-rounds, varying in diameter from } in, to } in. 
The factors governing a good weld were cleanliness, correct heat and smartness in hammering. 

In electric welding every separate movement of the are from side to side may be likened to a small 
blacksmith’s weld; and a continuous weld to an integration of a large number of small welds. Uneven 
rate of progress in welding, or a varying length of arc, means unequal heating and depositing, resulting 
in unevenness when the work is complete, due to the small components not being of the same size. ‘Too 
many variations of this nature will produce a lack of uniformity easily discernible by careful inspection. 
So far as our knowledge goes at the present moment, this argument justifies the value of this method of 
inspection, for both experience and consideration of the subject show that the faking of a bad weld is a 
difficult and uneconomical procedure. As regards the “visual inspection during and after the operation,” 
the impracticability of inspecting all welding with such precision is obvious and, as in the case of the 
processes in general use at present in shipyards, the surveyor will soon learn to rely on the quality of 
workmanship as revealed by constant general supervision and particular inspection of the work as 
prepared and completed. 

Dealing with the “Angle of Vee,” the author says: ‘One of the problems in the life of the welded 
ships will be the renewal of butt welds, since each cutting out of the weld will mean a wider vee and 
gap, and consequently difficulty in filling up properly.” It is rather difficult to visualise under what 
conditions this problem will arise. Welding, in the majority of damage or wear and tear repairs, should 
facilitate matters, since it will be easy to raise new butts even a few inches from existing butts, and fit in 
a new plate or patch as the circumstances demand. 

The author makes a point of the alleged tardiness of shipbuilders in this country in developing 
electric welding. It must be recalled that riveting in this country is efficiently and economically carried 
out by skilled workmen, Other countries have been forced to develop an alternative, and the path has 
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been made easier by the relative cheapness of current, electrodes and plant. Even so, it is at least 
premature to infer that shipbuilders outside the British Isles are, or are likely to be, in the stronger 
position if and when electric welding is brought to the stage where it can economically compete with 
riveting in ship construction. 


CORRESPONDENCE. 


Mr. McCririck. 


Mr. Akester has prepared for the Association a most informative paper on electric welding, a subject 
of increasing importance at the present time to the surveyor. 

The joining together of important structural parts of a vessels hull by electric welding is an 
accomplished fact as proved by the service of the m.s. “Shean” and the stir caused by the reported 
satisfactory trials of the German partiy welded Pocket Battleship, the welding carried out on these vessels 
has been of the highest order and the problem now before the shipbuilder is how to maintain this high 
standard at a competitive price. 

It is interesting to read from the paper that new methods which are considerably cheaper than bolts 
and nuts for binding the parts together for welding have been devised, as in the past the holding together 
of thin plates for welding has been a problem. 

The training of efficient welders on any great scale can only come slowly and may best be brought 
about by a steady discarding of rivets in the parts subject to the less severe stresses; in this way the 
surveyor will also be able to gain confidence in the welding personel of a yard and to tell at a glance if 
suitable precautions are being taken to ensure sound work. 

Boiler repairs on a large scale by welding are now standard practice at the numerous ship repairin 
centres; the work is generally carried out by firms specializing in welding; the repairs are mostly confine 
to combustion chambers, furnaces and the lower part of front end plates; welding in boilers is of high 
quality, as the firm’s reputation, which has been built up at considerable cost, is at stake should a seam open 
out under steam. 

What a surveyor has to guard against at the present time with boiler repairs, is the ship repairer with 
his own new plant wishing to step in on important boiler repairs with partly trained welders. 

On the engineering side, welded box section bed) lates for electric generators and similar parts are now 
to be frequently met with, and if only a few are required from one design, they can be produced cheaper 
than castings. 

Much research work has been carried out during the past few years on welding; costs have been 
considerably reduced and once we are out of this trade depression, the art and science of welding should 
take a leap forward in the shipyards and the paper now read should prove a most useful work of reference. 


Mr. R. B. SHEPHEARD (Glasgow). 


Mr. Akester’s paper raises a number of questions on a subject which will occupy our attention 
increasingly in the future. 

On page 14, the author qnotes figures showing reduction in weight and also in cost for welded as 
against riveted ships of American design. Interesting information on this subject was given in a paper 
read by Wahl in February, 1931, before the Institution of Engineers and Shipbuilders in Scotland. A 
description was given of two welded tank lighters recently built in Germany. These were designed to 
carry 620 tons deadweight, suitable dimensions as riveted ships to Germanischer Lloyd Class being 
143 ft. by 27 ft. by 16 ft. As welded ships, considerable saving of weight was effected in sectional 
material and also in shell and deck plating, which was reduced in view of the absence of rivet holes. The 
length was consequently reduced to 133 ft. The structural steel weight of the welded ships amounted to 
64 per cent. of that for riveted ships to carry the same deadweight. Welded construction per ton of 
material exceeded the riveted in cost, but owing to the saving in weight, showed a reduction per ton 
deadweight. 

Efficient welding work is generally considered costly, but as experience increases, this objection will 
certainly be less formidable, particularly on large scale work where saving in weight may be considerable. 
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The comparative efficiency of welded connections in tension and shear is important. The new Rules 
of this Society require for butt welded tests a tensile strength of 90 per cent. of that of the unwelded 
material, and 25 tons per square inch for deposited material. The standard test with side fillet welds 
requires 54 tons per linear inch. Assuming a rule throat thickness in the fillets, this corresponds to 
15°7 tons per sq. in. shear stress. (The Germanischer Lloyd test requirement under these conditi ns is 
17 tons per sq. in.). The tables of strength given in Figs. 19 and 20 show similar results, and it is 
considered that the figure of 20 tons per sq. in. for weld metal in shear, given by the author on page 26, 
is high. 

This comparative weakness in shear must be borne in mind in welded design. For instance, the 
author asks why welded ships should not be plated transversely in rings. This construction was actually 
adopted and has apparently proved satisfactory in the German tank lighters referred to above, the 
transverse connections of the shell and deck plating being in line right round the ships, an arrangement 
which violates the universally accepted practice of “shifting” connections. For small vessels, where 
structural stresses are low, this arrangement may be permissible, but for larger ships, where sheer stresses 
are considerable, particularly at the quarter length, its adoption would be dangerous, to say the least. 

Could the author give any explanation for the prohibition by the Germanischer Lloyd of overlap 
welded connections on shell and strength decks ? The experiments carried out at Cammell, Laird’s by 
this Society in 1918 showed that while butt welds averaged 90-95 per cent. the strength of unwelded 
material, overlapped welds averaged 70-80 per cent. These figures, however, compare favourably with 
results obtained for riveted connections, whose efliciences were only 65-70 per cent. The experiments on 
overlap welds also revealed that where one edge had a full fillet with only a single run of welding on the 
other edge, the ultimate strength was little inferior to that where a full fillet was provided on both edges. 
The elastic properties of these connections also compared well with those of butt welds. 

From test results, therefore, the prohibition does not appear justified. Overlaps also considerably 
simplify erection and workmanship under shipyard conditions. 


Mr. A. Wart (Hull). 


The author has dealt with the subject in a most interesting and helpful manner. 

On page 6, referring to current, 125 amps. for welding 4 in. thick plates with a No. 8 electrode is given 
as a guide. This works out at 6,250 amperage density per sq. in., and the voltage across the are when 
welding is usually about 20 to 25 volts with light coated electrodes, but may be about 40 volts when 
using heavily coated electrodes. 

It will be noted from Table at back, Fig. 19 and Fig. 20, that when welding plates of 3 in. thickness, 
the first layer is made with No. 10 electrode, and the amperage density is increased to 8,160 per sq. in., 
i.e., With 105 amps. This increase is necessary in order to get proper fusion when welding the first layer 
on to large bodies of metal. In repair work, such as stern frames when a large cavity in a steel casting 
has to be filled, the first layer should be deposited with electrodes not larger than No. 8, heavily coated in 
order to get good penetration, and at an amperage not less than 7,500 amps. per sq. in. After the first 
layer has been deposited, the amperage density may safely be reduced and larger diameter electrodes may 
then be used so that the work may be done at a quicker rate. 

It is easier to weld on to deposited metal than on to mild steel or cast steel. The outer surface of a 
welded cavity of a casting, such as a stern frame, should be finished off with small diameter electrodes at a 
high amperage as this gives a higher tensile and more ductile material. 

On page 7, clause 3, the author gives a very good inspection test hint. One can get a very good idea 
of the capability of the welder when the ammeter and voltmeter on the machine is watched. 

An observer’s screen will soon become a very necessary item in the surveyor’s outfit, for very often 
the electric welder does not carry a spare screen for the use of the surveyor or superintendent who may 
wish to inspect his work in progress. 

On page 18, paragraph 6, the problem of distortion by electric welding is mentioned, and it is a very 
real trouble. 

Distortion trouble may be alleviated if long continuous welding is avoided. 

Some years ago, several new vessels were built with deep tanks for oil fuel, or alternatively for general 
cargo. The inner bottom seams were single riveted, and in order to dispense with ceiling in the tank top 
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or double bottom the seams were electric welded. First a run of about 6 ins. long was made over each 
floor, then the welder went back and made another 6 in. run next to the first weld and so on until the weld 
was continuous. The seams were carefully examined under a high test pressure, and both the riveting 
and the welding was found tight. 

Deep tank bulkhead plating has also been similarly dealt with and with very satisfactory results. 

In connection with repairs, both of ships and their machinery and boilers, electric welding has been 
employed very successfully for many years, and much could be written on this subject. The repair of cast 
steel stern frames—where a fracture has been veed out and a cavity has to be filled—by electric welding has 
already been mentioned. 

Electric welding of **cold cast iron” has been successfully employed in many cases in building up the 
parts of cast iron hawse pipes and the cast iron chain lifters of windlasses which have been worn by the 
chain cables. One of the most satisfactory and economical methods in my opinion is as follows :— 

First, the surface of the cast iron to be electric welded is thoroughly cleaned by chipping. 

Then ** Premier General Service” electrodes, not larger than No. 8 (ys in. dia.), or similar wash or 
light coated electrodes are used to deposit the first layer on to the cast iron. The welding is done very 
slowly in runs not longer than 14 ins. at a time, and whilst the deposited metal is still red hot, it is “forged” 
or hammered with the round nose of a light hand hammer. 

The “forging” or hammering helps to relieve the shrinkage stresses, induced by the cooling, and 
tearing-away effect on the cast iron parent metal. 

The first layer may alternatively be applied in small spots, i.e., by puddling, and whilst these spots 
are red hot they are hammered or “forged.” ‘The closer the spots are, the better, but the casting must 
never be allowed to become hot, and it should be possible to bear one’s hand on the metal adjacent to the 
weld. 

The surface to be welded is eventually covered completely by a layer of deposited metal. 

When this has been done, the cavity must be filled in and built up, and for this a larger diameter 
electrode, say No. 6 (,%, in. dia.) may safely be used, but the same process of “forging” or hammering 
should be followed, and the outside surface is left fairly smooth by this “ hammer finish.” 

In my opinion, all electric welding should be finished as smooth as possible, especially at the 
junction of the parent and deposited metals. 

If time and price will allow, this junction should be ground smooth with a carborundum wheel, and 
then well coated with paint, especially those parts which are exposed to the galvanic action which occurs 
in contact with sea or salt water. 

This grinding finish, of course, is not necessary in the case of windlass chain lifters, but is advisable 
in the case of exposed electric welding on a stern frame sole-piece where the flat surface is easily accessible 
for grinding. 

Electric welding of cold cast iron has also been successfully applied to repair cracks (some of which 
are 3 ft. long), in the water jacket castings of Diesel engine cylinders. Like hawse pipes and windlass 
chain lifters, the cast iron is of good close grained quality and when proper care is taken, the cast iron can 
be preperly welded as described above by direct welding. In the case of cracks or fractures—such as 
occur in the water jackets of Diesel engine cylinders—where the material is about 2 ins. thick or more, 
the procedure is slightly different. Usually the cylinder liner is lifted out, and the fracture is veed out 
from both inside and outside. The depth of the veeing is determined by the thickness of the material 
and as the tensile strength of the deposited metal is about twice that of the cast iron, the thickness of the 
welded material need only be about half that of the casting. But it must be remembered that in a 
cylinder under internal pressure, the greatest stress occurs at the inside skin of the casting, so the thick- 
ness of the deposited metal should be thicker on the inner surface of the water jacket casting, then it need 
be on the outer surface. 

When the vees have been prepared, each side of the vee is usually “studded” with two or three rows 
of small studs # in. to 4 in. diameter at about 1} to 14 pitch, and about 4 in. or 1 in. between the rows. 
These studs are left just proud of the sides of the vee, and the welder then welds on to each stud, making 
a spot over each and then joining each spot with a layer of deposited metal. In my opinion studs as small 
as 2 in. diameter are of little or no use from a strength point of view. They may be a help to the welder 
in getting better fusion for the first layer, but if the cast iron is of good quality, the small studs might 
just as well be omitted, and the cost saved. ach side of the vee is welded separately, and for the first 
layer, special electrodes for welding cast iron should be used. Murex, Premier, Quasi-are, British Arc and 
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other companies have electrodes which they make specially for this class of work, and the deposited metal 
is stated to be more ductile and less liable to tear away from the cast iron than is the case when using 
ordinary general service electrodes which are more suitable for mild steel. 

When each side of the vee has been welded with a layer of metal, then the sides are joined together— 
welded slowly as before and well forging the metal whilst it is red hot, until the cavity is filled and built 
up to the pre determined thickness inside and outside. For this filling in, ordinary general service 
electrodes not larger than No. 8 (,’; in diameter) are used. 

The cylinder liner is then refitted and the repair is subjected to a hydraulic pressure of about 50 lbs. 
per sq. in., and if the welding has been carefully done, the weld should not be spongy or leaky. 

Cracks in the cylinder walls and valve chambers of steam engines have been successfully repaired by 
this process but using larger diameter studs. 

: The success of this kind of welding depends to a great extent on the quality of the cast iron. If it is 
coarse and full of sand pockets, it will be very difficult to make a good repair by direct welding, and if 
watertightness is required, the diameter of the studs will have to be larger, and more closely spaced. 

When inspecting this class of work during progress, it is a good test to clean up the weld at it’s 
junction with the parent metal, by chipping, and then take a light cut along this junction with a very 
sharp round nosed chisel. If fusion is good, no hair line will show. 


Mr. E. H. Dean (Liverpool). 


I should like to thank Mr. Akester for his paper on a subject which is very much in the minds of 
all who are connected in any way with ships and all that appertains thereto, and for the very interesting 
and useful information which it contains. 

It is safe to say that electric welding will, as soon as shipbuilding takes a turn for the better, be very 
much in the fore front. During the past twelve months I have seen at first hand the hive of industry 
which the welding bays at Messrs. Cammell Lairds, Birkenhead, have presented. One of the latest 
cruisers building for the British Admiralty has been under construction, and I can say from observation 
that the British Admiralty are using electric welding extensively in their new construction, which leads 
one to assume that with electric welding a very definite saving of weight takes place, as it is common 
knowledge that the weight factor is a very important one in the present design of war ships as allowed 
by the Five Power Treaty. 

CurreEnt.— It is stated that alternating current is cheaper in practice than direct. The old- 
fashioned type of machine requiring resistance boxes is now obsolete, and the present up-to-date machines 
are equipped with gear which is very easily operated, and mvre or less independent of whether the current 
is alternating or direct. 

E.ecTropEs.—I am of opinion that coated electrodes have a definite advantage over bare wire. 
Bare wire electrodes suffer from what may be termed pre-heatiny, by which 1 mean that the wire becomes 
red hot for a considerable distance from the arc and absorbs oxygen from the atmosphere, and is thereby 
seriously deteriorated before the metal is deposited. In conversation with expert welders, it is stated that 
the slag deposit of coated electrodes offers no difficulty in actual practice. While on the subject of 
electrodes, 1 had the opportunity of witnessing, unofficially, an expert demonstrating an electrode of The 
Lincoln Shield Are Co., a Canadian firm, whose agents are Buck « Hickman, of Whitechapel, London. 
This operator was working with in. coated electrodes, he claimed, and it was subsequently proved, that 
the electrodes work six times as fast as the largest ones at present in use, only three runs are necessary for 
a lap weld of § in. plate as against six of the usual size; an amperage of nearly double the power is, 
however, required at the machine. It seems to me, if electric welding is to become universal in ship 
construction, some such electrode will have to be put on the market, as time is the great factor which 
will have to be seriously considered. 

EquipMENT.—This is to my mind part of the welding problem which will have to be very carefully 
considered, it is known that the Home Office has issued certain regulations relating to the prevention of 
shock, but the masking of the rays of the are is a very important factor. There are two cases in point 
which may be of interest to colleagues; a welder was on a staging working at a plate with a mask over 
his head, giving him the use of both hands. a plate was being slung and a shout “look out below” was 
raised, the welder thinking he was in “line of fire” made an effort to see what was happening and due to 
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his confined vision narrowly missed falling off the staging. In another case a welder having to work in a 
very confined space was supplied with an efficient pair of goggles, and worked away quite contented, but a 
few hours later he developed a very serious rash on his face which was unprotected from the rays of the 
arc, the rash travelled right through his body which prevented him from being able to attend to his work 
for a considerable time. It is stated that a light hand shade with adequate protection for the eyes and 
face is the most efficient form of screen and for confined spaces an improvised screen to suit the require- 
ments Is very easy to construct. 


[NsPECTION.—One cannot argue to any conclusion with the author’s remarks under this heading, 
suffice it to say that one method put to me is as follows :—When dealing with such structures as bulkheads, 
it is quite an easy matter to locate any openings such as doors, etc., which have to be cut in the structure 
at the fitting out stage, and to have a portion of this material cut out at an early stage, and thereby one 
is able to confirm a good surface weld by examining the weld at the base; this method appears to me to be 
worthy of consideration. 


Tue Sup or tHE Furure.—I am informed that the danger of distortion has in a degree been 
overcome especially in large flat surfaces such as bulkheads, which would apply to decks, tank tops, ete. 
Bulkheads have been very successfully constructed on ordinary wooden skids protected on their surface by 
steel plates, as a precaution against fire. The plates are laid out and the butt overlaps welded first— 
about 12 ins. of welding is run in at the centre of each butt, the welder then starts 12 ins. away from the 
central run and works towards the initial weld and so on. The same method is followed for the long seam 
overlaps, commencing at the centre and working always towards the centre with 12 in. runs at a time. 
The joe nad are then placed in position and held by a system of joggled straps, these are then welded as 
per sketch :-— 
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It is understood that it is imperative that all construction on the skids should be done under cover 
and if moisture is in evidence, this should be removed by warming before the welding is commenced. 


Mr. A. W. Jackson (Liverpool). 


The author is to be congratulated on presenting to the members of the Staff Association a paper— 
long overdue—on a subject of vital interest to all connected with the shipbuilding industry. 


Like the author, I had realised that the subject was one that required looking into, and with that 
idea in mind I undertook a course in electric are and oxy-acetylene welding to obtain, if possible, first 
hand information from the welder’s point of view, so that when the welded ship comes, as come it must, 
I should be in a position to appreciate more fully the difficulties that would present themselves for solution, 


At the present time most electric welders are the employees of firms with welding plants capable of 
dealing with ship repairs. When electric welding displaces riveting in ship construction, many more 
welders will be required than are trained or are in course of training. Ihave heard it stated that there 
is a certain amount of apathy regarding electric welding amongst those whose business it will be to supervise 
the welders. This means that supervised will know more than the supervisor, consequently wrong methods 
may pass into usual practice undetected unless this apathy is dispelled. The German constructional 
welding code mentioned by the author, with its supervisors and tests for welders, appears to be the ideal 
scientific manner of training for a new type of construction, where so much reliance has to be placed on 
the individual. 
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In my short experience I can bear out the author’s contention that electrode holders leave much to be 
desired from the point of electrical contact, where the grip depends on the operator, and tends to set up 
cramp in the fingers. It would appear that means should be provided for the grip of the electrode to be 
automatic so that all the welder had to do was to deposit the metal without the discomfort of the 
holder and without the necessity of supporting the weight of the cable which is a drag on the free move- 
ment of the electrode tip, tending to cause the are to be broken. 


With regard to the changing over of the polarity with direct current, polarity switches ought to be of 
easy access and so designed and arranged that the welder could switch over as required. 

I should be glad if the author would amplify his statement given at the conclusion of the chapter on 
electrodes, as regards using an electrode in each hand, as there appears to be a great risk of a short on 
account of the fact that the vision through the screen is very limited. In fact, a sense of location must be 
acquired before effic ent welding can be obtained. 

As a matter of interest it might be mentioned that a film was taken in dazzling sunshine, showing 
what took place as the metal was deposited, and the sketch will give a rough idea of what was seen. 
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(1) Bottom of electrode rough ; (2) commenced to curve ; (3) partially molten; (4) more molten ; 
(5) drop formed; (6) capillary attraction existed between the molten drep and the heated surface at the 
spot where the dep sit took place. It is this capillary attraction which permits of overhead welding with 
heavily coated electrodes. 

On inside work it has been stated that 1°8 lbs. of metal can be deposited per hour, but on outside 
work this figure will be less on account of cooling. A good welder will deposit about 70 per cent. of the 


weight of the wire and about 30 per cent. will be wasted. Of this 30 per cent., 12 per cent. is vaporized 
into oxide or nitride of iron and 18 per cent. is made up in shorts. 


Generally speaking a large proportion of ship welding jobs are carried out in drydocks, which are 
very exposed places, and the time for the execution of the jobs is usually limited. Consequently the 
conditions are all against good welding. Protective screens for the operator and means for excluding 
draughts, together with preheating and annealing would help to efface the disabilities of draughty places 
and assist materially in securing a good weld. 


I am sure many of our coll-agues will have noted the effects of draughts on desposited metal. For 
instance, take fractured plating in way of side scuttles, | have known cases where the fractures through 
rivet holes have been welded up, the p'ating all round the scuttle hole severely hammered, and yet when 
the plating cooled the fractures were observed in the desposited metal. 


With regard to the tests made on varying angles of vee, a much more exacting test would have been 
with the bottom of the vee in tension. 


Under the heading of strength of butt joints, although with plates 26 tons strength the thickness of 
the weld would be reduced to °47 in., this would be bad practice as the weld would be under flush with 
4 in. plates. 

As stated by the author, a No. 10 electrode is generally used for the first layer, but is No. 6 electrode 
in cominon use? This is borne out by Tables 19 and 20. Also there appears to be a discrepancy between 
the number and sizes of electrodes given in Tables 2 and 19. 
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At the present time the Swiss people are making very extensive use of oxy-acetylene welding. A 
film produced by the Swiss Acetylene Association of Basle, entitled “Metal Treatment by the Oxy- 
Acetylene Process” is now being shown in this country, and illustrates the variety of jobs carried out by 
the process. 

The author’s note at the bottom of page 12 regarding the avoidance of overlapped seams and butts 
by the Rules of the Germanischer Lloyd is brought out in the aforementioned film, where the shell plating 
of motor cargo boats 85 ft. in length and 21 ft. 6 ins. beam to carry 120 tons, for service on the Lake of 
Thun, and passenger vessels constructed by Sulzer Bros., Ld., for service on the Lakes of Geneva are 
shown flush butted, the butts being fitted transversely round the section without straps—the author's 
“ship of the future” in being. It might also be mentioned that boilers and pressure vessels with inclined 
longitudinal seams butt welded without straps, rolled out in one plate the thickness being reduced on 


account of the inclined seam with capacities up to 125,000 litres and up to 12 atmospheres pressures are 
being constructed. Also at the Aeroplane Factory, Hagen, all-metal aeroplanes for goods and passenger 
transport are shown during construction and in service. If advances lixe these can be made for oxy- 
acetylene welding, why not with clectric welding? It might be mentioned that a Canadian firm of 
electrode makers is marketing a coated electrode about 2 in. diameter, but, unfortunately, as the voltage 
and amperage are much higher than is used with normal electrodes, it could not be used with existing 
machines. Jt deposits the metal very quickly, without undue heating and distortion, and appears to 
rather belie the general statement made on page 17 regarding runs with small electrodes. Also, I have 
it on good authority, that an Engli-h firm is making 4 in. diameter electrodes. Under the heading of 
electrodes it would be well to include those which are medium coated, not wrapped or dipped, but asbestos 
sprayed, which are passed through a gauge for correct size. 


In Figs. 19 and 20 the author gives tables taken from a paper on “ Electric Are Welding,” which 
are very interesting. Unfortunately, although the current is given, no voltages are tabulated, 
consequently it is not possible to find out the actual cost of the welding per foot. The column giving a 
cost per foot, including electrodes, will naturally vary with the cost of the patent type of electrode used. 
To obtain the cost of electric welding per hour, multiply the voltage by the amperage by the cost per 
unit of electricity in pence, and divide by 1,000. This figure is relatively small, the really important 
items of cost will be in upkeep of plant, wages, transport, lay out and preparation at job. 


In the Appendix, the author instances the case of the “San Gerado,” which was veed out and 
electrically welded, but I submit the result was not so satisfactory as he suggests. Cases have come 
under survey similar to the one mentioned, and in no case, as far as I know, has the fracture taken abaft 
the weld, but always forward of it, which tends to show that when stern frames are electrically welded, 
owing to the difficulty of pre-heating, a zone of internal stress or change of structure appears to be set 
up where the heat from the weld finishes on the heavy portion of the stern frame forward of the sole- 
piece, and it is at this section where any undue strain fractures the stern frame, and not at the weld. 


Experiments in this connection are being made with Thermit welding on large castings and 
forgings, whereby the fractured material is cut out, a cofferdam built round the portions to be welded 
together, and the molten metal poured in. 

As a matter of interest it might be mentioned that magnetite, or magnetic oxide of iron (mill scale), 
sodium silicate (water glass), asbestos, and lamp black, mixed together in paste form, is used for coating 
electrodes, and rods are wrapped with blue or white asbestos and sodium silicate. 

In conclusion, I should like to say how much I have appreciated the paper, and trust the discussion 
will amplify the author’s already monumental work. 
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Mr. J. Hopa@son (Barrow). 


As the subject of electric welding is now doubtlessly engaging the more serious attention of many of 
our members our thanks are due to Mr. Akester for his paper, which affords an opportunity for discussion 
and some co-ordination of the ideas of the staff. 

The improvement in quality of electrodes, especially as regards ductility, considerably widened the 
scope of the application of welding to ship construction. — Possessing, as it does, real economic advantages, 
there now seems to be sufficient evidence and experience to warrant the confident use of the system for all 
parts of small vessels and for many paris of Jarger ships. 

Progress beyond this point will depend upon the complete convincing of technical opinion and, which 
is more important, the gaining of the confidence of commercial interests by future results. 

It is therefore of the utmost importance that the technicalities of its development should be very 
carefully considered and efficiently organised. As the historical part of the paper shows, nothing much has 
been done, until quite recently, towards this end; the electric welder hitherto has been very much an 
auxiliary in the average shipyard and too often like a cobbler in a boot factory. 

Under the incentive, mainly due to its wider adoption on warships, sound efforts are now being made 
in many yards to put the system upon an efficient basis by investigation work and the proper training of 
workmen. 

This should quickly result in improved workmanship and methods. It is very probable, also, that the 
metallurgists will in time give us a deposited weld metal closer in quality to that of mild steel than it 
generally is at present. 

The paper generally, and probably unavoidably, reflects the many and often conflicting opinions on 
welding practice which one encounters in studying the subject. In the present early stage it is difficult to 
lay down many fundamental factors which are true under all conditions and in this respect, it is generally 
agreed that the Society’s new Rules have been wisely drafted. 

There are, however, one or two facts which seem to be emerging from the mass of evidence. 

The question of the type of electrode suitable for ship construction, referred to on page 7, is of the 
first importance, and the author appears to base his conversion from bare wire to covered rod, more upon 
appearance of weld and utility in workmanship, than upon quality of metal. 

From all tests results I have seen or read of, there seems to be abundant evidence to show that—if a 
standard of ductility of weld metal approaching 18% on 8 diameters, now required for the primary 
structural parts of a ship, is to be consistently realised then the scientifically coated electrode is essential. 
From a consideration of the elementary principles of the action of the protective slag produced by the flux 
covering, it seems feasible to suppose that to obtain a desirable approximation to equality between the 
mechanical properties of the hot rolled mild steel and weld metal deposited, practically at melting point 
under varying atmospheric conditions, some protection of the metal is necessary. 


The results of the latest researches in America, where bare wire electrodes have hitherto been popular, 
show a distinct preference for the carefully manufactured covered rod. 


In the case of structural parts for which the rules require no standard of ductility it would seem 
desirable to guard against excessive brittleness of welding. For a secondary rod recently put through the 
Society's tests, the ultimate tensile strength came out at about 35 tons per sq. in. for the deposited metal, 
all the remaining requirements of plate and shear tests being satisfied. In the absence of some check, 
such a metal may be hard and “short” and weak against shocks to which it might be subjected in service. 

The specifying of an upper limit to the tensile strength in such cases, as well as the lower limit of 
25 tons, would probably be sufficient safeguard. 


The necessary disadvantage of slag removal will, I think, have to be endured, and it will need to be 
done thoroughly, regardless of piecework. The danger of slag inclusions will not be great if this is 
done and good electrodes are used with correct current conditions and methods. 

The suggestion at the top of page 8 that a combination of light and heavy coated electrodes might 
be effective for one weld, the light being used for the first run, seems to be made on account of the 
author's evident dislike for the necessity of slag removal. In addition to the practical difficulties against 
this, mentioned in the same paragraph, it is doubtful, in my opinion, whether a light coated rod would 
give the quality of metal required for, say, a shell seam ; it being also noted, as stated on page 10, that 
the first run is of the utmost importance. 
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Generally, | think, shipbuilders, after investigation, will endeavour to choose two types of reliable 
electrodes, one in each category prescribed in the Rules; both types, if possible, being suitable for over- 
head work. In one yard this is being done, as it is generally realised that uniform and well practised 
workmanship is obtained only by the continued use of one make of electrode. 


I strongly agree with the opinion that electrodes should be distinctly marked, in fact, I would say 
branded. 

Some time ago, when examining a miscellaneous collection of electrodes at this port, we found two 
of entirely different makes but practically identical in appearance. The difference between them could 
only be detected if one knew where to look for the distinctive feature of the better known rod. It is 
possible that reputable electrode manufacturers might be persuaded to brand their rods, as well as 
distinguish between different types, and supply with each consignment a certificate stating that the 
electrodes complied with some approved analysis and tests. As weluing develops, there will always be 
tendencies towards cheaper and inferior rods, and some such safeguard may prove necessary, as it has 
done for rivets. F 

The actual welding operations, described in detail in the paper, are generally on the lines now being 
taught in operators’ schools, and which have been largely evolved and published by certain manufacturers 
of electrodes. . 

Although a good deal of this approved style and rather elaborate mapping of the electrode point 
may be necessary with some types of rods, I wonder if, in general, it may not be too elaborate and 
standardised. From behind the face screen the welder works in semi-darkness, and therefore the 
operation should be as simple as ever possible. : 

Manipulation, as well as current conditions, seem to be dependent upon type of electrode; being 
influenced by the nature of the flux covering and temperature of weld. : 

As an example, it was recently very clearly demonstrated to me that ‘*weaving” With a particular 
type of heavy coated rod caused slag trapping and holes, whereas when the metal was deposited in simple 
straight runs there was an entire absence of slag inclusions or holes in the whole of the metal deposited, 
machined and broken for the full range of the Society’s tests. 


I agree more with the author when he says, on page 13, “neither will it be advisable to standardise 
too closely the technique of the operator,” and would add * provided he is used to the type of rod. 


The general influence of type of welding job, thickness of material and electrode upon current 
conditions, on page 6, will, I think, be generally true, although it is stated, on page 8, that the potential 
difference across the arc should not exceed 25 volts. I have measured this for two makes of covered rod, 
under prescribed current conditions, and found it to vary from 28 to 32 volts. Again the influence 
seems to be the flux covering of the rod. : 

The question of correct current adjustment when welding on the ship is one of importance which has 
not hitherto beeu given sufficient attention in many yards. é 

‘It is being realised, however, that a number of welders working off long leads from a multi operator 
plant will each require to have a variable resistance box near him, preferably with an ammeter, in order 
that he can conveniently and correctly adjust the current at the work. 


Much has been written about the correct angle of chamfer for butt welds, different authorities 
recommending different angles. 

It is stated at the bottom of page 9, that 2 in. plate would require a single vee of 70°, although 
later the author says—so long as it is possible to reach the bottom of the vee with the electrode the vee is 
wide enough—and again on page 11 a wider angle of say 90° is recommended for bare wire rods. A good 
deal of this in my opinion is unnecessary refinement. 


A large number of tests carried out here with different types of covered rods, have shown that 
provided the first run is made with a small gauge electrode, the gap being to rule, a standard angle of 60 
is satisfactory for all thicknesses, i.e., for covered rods, and I understand this uniform standard has been 
accepted on Admiralty work. These tests also indicated that there was little to choose between the single 
and uouble vee for thick plates, which if confirmed, will prove a satisfactory result for welding at the ship. 


Machines are now available and are being installed to plane straight plate edges to a standard angle. 
Such standard procedure simplifies and economises labour. 
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The bevelling of curved edges is one of the many minor constructional problems on the welded ship. 
Chipping is slow and the yards, if allowed, will resort to burning. 

To obtain a clean neat cut oxy-coal gas is preferable to oxy-acetylene and on this account is now 
being considered for such work. 

The effects of burning upon strength of plate and weld, are considered by many to be negligible and 
a series of tests, I have recently seen, appear to confirm this in the case of oxy-coal gas used for the 
investigation. 

Unwelded and butt welded test pieces were made, one series machined and another burned to shape. 
The results showed that in all cases burning had no measurable effect upon ultimate strength and the 
elongation was reduced by less than LO per cent. Brinell tests also indicated that the effects of burning 
of the normal plate did not extend beyond ,'5 in. in depth. 

With reference to the strength of butt joints discussed on page 11. I think that experience has 
rather shown that well riveted joints provide a very homogeneous ship structure within the limits of 
fairly high working stresses and I doubt if present day welds would give an equal degree of homogeneity. 


In breaking welded specimens one is continually impressed by the lack of yield in the weld as 
compared with mild steel. This may become of some importance in the highly stressed parts of large 
vessels owing to concentration of stress in the welds. 

The great change of outlook and methods required in the production of welded ships will continue to 
demand intensive study and some shipbuilders are now in the midst of their early problems, both 
technical and administrative. 

Generally, I think a greater degree of accuracy will be required in preparing and fitting together the 
material which, as the author says, will as far as ever possible be welded on the ground. To mention 
one example the close fit of the butting edges of curved stiffening members is difficult to obtain. 


The welded frame of the future will possibly be a modified bulb plate or a bulb tee with a restricted 
flange and overlaps will be preferred to butts for many parts in order to afford latitude in fitting. 


Small ships have already been built on the Continent with bottom and side plating disposed in 
transverse strakes but the adoption of this in large vessels, although it has been proposed, will probably 
require some serious consideration and perhaps investigation work. 


On the subject of inspection of work ; whilst I agree that it may not be such a difficult problem as 
some may think, there are aspects of it which will call for greater judgment and tact than at present 
necessary with riveted ships. 

With riveting, the surveyor, having the simple infallible guide of the slack or defective rivet, occupies 
himself mostly with results and refrains as far as possible from criticizing methods if these are legitimate. 

With welding, having no such simple guide as to quality of finished work he will necessarily be more 
interested and involved with methods and personnel. He will possibly be faced with more awkward 
situations, e.g. :—Ships now-a-days are usually built in a hurry and on such a case, one frosty morning he 
may have to recommend that all welding should cease ! 

From experience I do not think that the appearance of the finished weld will always be a guarantee of 
satisfactory work even under an average good organization and it will be necessary in many cases to sample 
the work by chipping out with a sharp chisel if no other practicable test presents itself in the meantime. 

An adequate number of skilled supervisers will be an essential part of all welding organizations and 
upon their good faith and ability the surveyor will be a good deal dependent. 

Although some of the examples of local welding given in the appendix to the paper have been fairly 
common practice for some time it is important that results to-day are more satisfactory. About eleven 
years ago quite a number of oil conversion jobs had single riveted seams of decks and bulkheads reinforced 
by electric welding but all the results were not an unqualified success as a certain official circular indicated. 

Peak tank tops of a vessel five years old, and welded in a manner similar to {that shown on page 25, 
were recently surveyed at this port and found perfectly satisfactory. 

Electric welding for watertight compartments has made great progress and has been adopted in part 
for compartments of certain vessels to successfully sustain a test pressure of 100 Ibs. per sq. in. 

. To conclude in the metaphor of the author—When the first 400 ft. all-welded ship has made several 
successful Atlantic voyages we shall have produced a “ best seller.” 
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Mr. W. BurLer (Newcastle-on-Tyne). 
Under strength of butt joints, I think the author is right in stating that the strength of the joint 


should be in terms of the minimum strength allowable for the plates, and as the plates have already been 
tested, and I presume the welded test pieces will be made up from those plates, plate tests could be 
dispensed with. 

In ship welding will it be necessary to remove the mill scale from the plates by grinding ? 

It seems to me a waste of material to have overlap welded seams ; this type of joint is disliked by 
welding experts as being a compromise and the results of the tests, Figs. 13 and 14, show butt welds to be 
superior in tensile strength, and what is more, cheaper. I think there should be sufficient contidence in 
electric welding to allow butt joints wherever possible. 

I have enjoyed reading Mr. Akester’s paper. He has given us a lot of first hand useful information, 
and I congratulate him on the excellence of the paper. 


Mr. D. L. H. Conursson (Hull). 


1 would like to ask the author whether it is known what the properties of the material immediately 
adjacent to a weld are? The weld material in the case of steel plates will be cast steel, but where the 
junction of the weld and the parent metal takes place there must be material which is neither cast nor 
rolled. What then is this material ? Is it of such a nature that it will more readily fracture than either 
the weld or the parent metal ? 

Another interesting point on which I have, so far, been unable to get any definite information, is the 
comparative merits of butt and overlapped joints in shipbuilding, the former having the weld material in 
tension and the latter in shear. 

The Society’s published rules accept a minimum ultimate strength of 25 tons per sq. in. for a weld 
in tension, whereas in the test prescribed for a weld in shear a minimum strength of 5°5 tons per linear 
inch of weld is laid down, and appears to give minimam ultimate strength of about 16 tons per sq. in. 
(Assuming that the linear inches referred to is the sum of the four lengths of welding, viz.:—12 in., and 
that the thickness of the throat is that laid down in the rule table, viz.:—0'34 inches.) 

If we now compare two half inch plates butt-welded together with two of similar dimensions over- 
lapped and welded (see Figure), we have in the first case an ultimate strength of joint of 12°5 tons per 


inch width of plates joined, whilst in the second case we have, assuming the welds extend half an inch 
along the surface of the plates, an ultimate strength of 16 tons per inch width of plates joined. 

Now it is only reasonable to assume that two half inch welds in shear will not have the same strength 
as one one inch weld, on account of possible stresses set up in the two overlaps during welding. What 
would be a fair reduction to make for this? If, for the sake of argument, we take the factor 1°85 used 
for the rivets in a double butt strap boiler joint, which are in double shear, our ultimate strength of joint 
per inch width of plates joined will be reduced to 14} tons. : ; 

On the other hand the table at the foot of page 27 shows that end welds are about 25 per cent. 
stronger than side welds (the shear test welds). So one might expect the ultimate streugth of the joint 
to be increased to about 18 tons per inch width of plates joined. 

Again, if the material at the junction of the weld and the parent metal be affected adversely, then the 
metal in an overlapped joint will only be affected on the surface and not right through the plates as in 
the case of a butt joint and thus there will be less likelihood of a fracture occurring. 

I should be glad to have the author’s opinion on the relative strengths an‘ merits of these two 
joints ? 
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Whilst on the subject perhaps he would also inform me what steps are taken when welding shear 
test ae to ensure that no initial stress is set up in one of the two outer strips. 
would like to take this opportunity of complimenting the author on his valuable paper which I am 
sure will prove a great help to his colleagues. 


Messrs. Rretey anp Lewis. 


The author is to be congratulated upon his paper, which quite obviously represents a considerable 
amount of work. 

In response to the invitation extended on page 17, we would like to assure him that, in our opinion, 
the day is still distant when the ship surveyor will have to add a metallurgical microscope to his 
equipment. As in the past, microscopic examination, though an essential adjunct to the proper study of 
welds, will prove of greatest benefit when used as a medium of research to determine the optimum 
conditions—in respect of electrode composition, current conditions, etc.—necessary for the production of 
sound welds, given an efficient operator. To a certain extent it will also prove a medium by means of 
which the maintenance of these conditions, when once established, can be ensured. 

Tt must be remembered that only small sections of a weld can be examined microscopically, and that 
examination in situ is impracticable, so that, at the moment, the author’s view “that visual inspection 
during and after the operation is the best method” would appear to be correct. Such inspection could 
be usefully supplemented, however, by occasional check tests. It has been our experience that a welder’s 
average efficiency varies within very small limits, and that once a man has proved to be an efficient 
welder his work rarely becomes generally bad. The greatest handicap towards maintaining welding 
efficiency, in our opinion, is that the operator rarely has the opportunity of examining the structure of 
his own welds. If, however, he had to prepare occasionally what is commonly known as a “ wedge” test, 


and was given the opportunity of examining his weld after fracture, he, himself, would often provide the 
most severe criticism of the result. Another useful test is the occasional preparation of a tensile test 
piece from ‘“‘all weld” metal, as described in the Rules for the Application of Electric Are Welding to 
Ship Construction, Section 4, paragraph 3. Welding errors become glaringly conspicuous in the turned 
test piece, and the operator should Le afforded the opportunity of examining his weld before it is broken. 
We have carried this out on several occasions with welders, both skilled and mediocre, and in each 
instance the disclosure of welding faults by the above tests, has been followed by an improvement in the 
efficiency of the operator. 

On the subject of electrodes it would almost appear that the author had an affection for electrodes of 
the bare wire type and, while in this connection, it may be that the Society’s earlier requirements have 
been complied with by bare wire electrodes, we think it extremely unlikely that the later requirements, 
in so far as they relate to the welding of structures of primary importance, will be complied with by 
electrodes of this type. 

We have examined a number of the so-called “special” types of bare wire electrode, but in no case 
have results even approaching what is now possible with several of the heavily coated special brands 
been obtained. In not a few instances the material of the “special” bare wire electrode has proved to 
be nothing more than a mild steel of ordinary quality. A bare wire electrode of mild steel may be good 
enough for many purposes; if, however, one requires the deposit to possess physical properties approxi- 
mating to those to which we are accustomed to demand from the materials in everyday use in structural 
work, then something better is required, as our Continental friends are beginning to appreciate. There 
are, of course, very sound metallurgical reasons to account for the general inferiority of the weld made 
by a bare wire. 

That the slag coating shall be of such a character as will permit of easy removal is a matter of 
importance, and one which has been exercising the minds of. may we say, the more responsible makers of 
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electrodes for some time, and it can now be claimed that this form of trouble has been largely surmounted. 
It will be within the author’s knowledge that there are now available several first class brands of electrodes 
where the slag, for all practical purposes, frees itself from the deposit on cooling. 


It is suggested in the paper that “in many cases a combination of light and heavy coated electrodes 
might be effective”; the author rightly appreciates, however, that there are practical difficulties in this 
direction and for a variety of reasons the idea does not commend itself to us. 

In regard to the author’s remarks on the subject of ‘“ Rules for Electric Welding” we agree that our 
own Society is to be congratulated on not being too academic in its requirements. It can be argued that 
the tests for electrodes for which approval is desired are fairly stringent, and certainly in so far as they 
relate to the welding of important parts such a contention is well grounded. In this connexion, however, 
it surely is an elementary requirement that the metal of the deposit shall at least. approximate in physical 
properties the parts to be joined. Ductility and the capacity for resistance to shock in the deposit is of 
first importance, and the argument with which one is still occasionally confronted that, as it is possible to 
make a welded joint “as strong” or “as stiff” as the assembled members, ductility of the parent metal is 
all that is needed, is absolutely fallacious since it is not possible to disregard the effect of overstressing 
which may occur as a result of discontinuities in shape or on account of inclusions or impurities in the 
metal of the deposit. 

At the moment the Society’s Rules refer only to the welding of steels having a tensile strength of 
from 26 to 32 tons per sq. in. and while it may be that, ultimately, the welding of steels of higher tenacity 
will require to be considered, the present position suggests that further research is necessary in this 
direction. 

In the appendix, quoting from Sir Westcott Abell’s paper, under the heading of Chemical Analysis, 
when discussing the composition of the weld metal, it is stated that the deposited material is “ practically 
pure iron.” May we say that, in our view, Sir Westcott was altogether too optimistic when considering 
the properties of his weld metal. 


Mr. W. Bennett (Philadelphia). 


I have read over, with very much interest and profit, Mr. Akester’s paper on “ Electric Welding as 
Seen by the Outport Member.” 

The following remarks are offered simply as giving a comparison in certain respects between the 
practice as given in the paper and that generally adopted in the larger shipyards in the U.S.A. The 
standards established here by the American Welding Society in nomenclature, design and practice, 
govern all shipyard procedure ; and in addition the welding work must comply with the requirements of 
the Navy Department, Classification Societies, ete. : — 

Page 6, paragraph 1.—Experience in the U.S. shows that the type of wire, viz.: bare or coated, 
effects the characteristics of the weld more than the results from different operators, assuming, of course, 
that the operators are qualified welders. In all established yards in the U.S. the welders have to pass 
prescribed tests periodically. Paragraph 6.—,%, in. electrodes (No. 6) would be used here with 180-190 
amps. Paragraph 10.—I am not so sure that the welder need not worry about the current, as that is a 
most important factor. 

Page 8, paragraph’ 9.—One coloured glass with a clear glass shield is used in this country. 
Paragraph 13.—The coating is not allowed to touch the work here and a minimum of 30 volts is used. 
Tt is true that the are will be retained, even if the coating does become grounded. 

Page 9, paragraph 4.—The governing factors of length of run, it seems to me, are the size of wire 
and size of bead deposited. 

Page 10, paragraph 4.—The practice here is to use a large electrode for heavier plates on the first 
layer, to get good penetration. Paragraph 5.—It is questionable whether the length of run effects the 
properties, except at points of starting and stopping the arc. Paragraph 9.—The practice here is to 
make all vertical runs from the bottom up, to secure better penetration, except perhaps with heavily 
coated rod. 

Page 11, paragraph 1.—Experience here has not always shown this. Sometimes increase of strength 
follows an increase of gap, depending on other factors. Paragraph 5.—The thickness of the plate should 
govern the angle of vee ; the angle varying inversely with the thickness. 
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Page 12, paragraph 3.—A proper coating should melt evenly. Paragraph 9.—Both legs of a fillet 
weld are required here to be of the same size. Paragraph 14.—It is difficult to understand why overlap 
welding of seams and butts should not be permitted. 


Page 15, paragraph 6.—It is perhaps questionable whether the keel plate should be increased in 
thickness when the connecting angles are omitted, when one considers the gain in strength through the 
absence of rivet holes. 

Page 17, paragraph 10.—‘ Weaving ” has not been found objectionable here. 


Page 18, paragraph 3.—Why should the size of weld and electrode be specified, any more than should 
the size of riveting hammer, ina riveted job? That, it seems to me, isa matter of proper supervision in the 
welding. 

Figure 1.—The practice here is to hold the electrode vertical, for horizontal welding. 


Figure 2.—It is not the practice here to vary the size of the e'ectrode in making succeeding layers, as 
it complicates the job considerably for the operator and changes the current values. 


I wish to thank Mr. Akester for the very comprehensive review he has given of this important subject, 
and for the opportunity afforded me of forwarsing these few remarks. The subject is so extensive, that 
the question 1s where to start and where to stop. I have seen many welded barges built in the U.S.. good, 
bad and indifferent and, given efficient welders and suitable electrodes. it seems to me that the chief 
difficulties which we are up against at this stage, of the devolopment, are contraction and contraction 
stresses. Particular care requires to be paid as to the procedure in welding, that is, staggering the 
welding as the work proceeds, so as to avoid contraction and buckling of the work, some unfortunate 
examples of which I have seen on this side. It has been stated here that electric welding, if used on a 
joint which is free to move, will contract on cooling about ,'s in. per foot, and will pull the adjacent 
plating by approximately that amount. I do know that, in the particular case of one barge which 
recently came to my attention, filling-in pieces had to be fitted, to maintain the specified length of hull. 
Has the author experienced similar difficulty ? 


Mr. A. CutsHo_m (Hamburg). 


With reference to the remark which appears on page 12 of your recent paper, read before the Staff 
Association on Electric Welding, in regard to the requirement contained in the rules of the Germanischer 
Lloyd where it is stated, generally, that the overlapping of seams and butts of plates is to be avoided and 
where adopted must, in the first instance, have received the approval of the Germanischer Lloyd, and the 
further requirement that the seams and butts of the shell plating and of the strength deck are not 
permitted to be overlap welded, I find that the only explanation which is available, in regard to the 
Germanischer Lloyd having embodied these requirements in their rules for electric welding, is contained 
in a number of comments which appeared in various technical publications in this country, dealing with 
the new rules for electric welding issued by that Society. I am enclosing herewith a number of extracts 
which contain remarks made by various authorities on the subject of welding and from these remarks you 
will see that the principal objections to the overlapped welds is that the weld material, when under tensile 
stress, is not subjected to a direct pull and due to the fact that bending stresses are set up, the weld 
material in the fillets s liable to give way under these stresses, or the plate material in the neighbourhood 
of the fillet is weakened through the burning in the process of welding and an overlapped connection is 
accordingly liable to break under tension from either of these causes. So far as I am aware, there is no 
real practical difficulty in getting the overlapped surfaces to fay upon each other and to get close fittin 
of the surfaces before the welds are made. The entire series of comments on the subject of avicigenied 
welds contain, as you will observe, no reference to any difficulty in the matter of the workmanship. 
I understand that the Germanischer Lloyd have had the advantage of collaborating with the German Navy 
Yard in carrying out quite a number of tests on various types of weld at the Government Testing 
Establishment at Berlin-Dahlem. These tests covered not only the usual tests on test specimens, such as 
are generally required by the Classification Societies in connection with the approval of electrodes, but also 
included tests on a large scale which practically correspond with actual conditions as they would be found 
on board ship. Several lengths of plating were welded together at the seams and butts, using in one case 
overlapped welds, in the other case butt welds, and these samples were tested in order to establish a 
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comparison between the two types of weld joint adopted. As far as I am aware, the results of these tests 
have not been made public, but the results were such that the ( yermanischer Lloyd decided to frame their 
rules so that for welding to be done on structural connections of primary importance in ships, the butt 
weld is prescribed. 1 believe that the Registro Italiano in their recently published rules for electric 
welding adopt a similar standpoint to that of the Germanischer Lloyd, viz., that for strength welds the 
butt weld is to be used. 


Tests made in America also indicate, that for plating thicknesses such as we are accustomed to in ship- 
building, the overlapped joint on the thicker plates is less reliable than when the plates are thinner. I think 
the whole question is one which ought to be the roughly investigated. My personal view, is that the result 
of a series of experiments would probably be to show, that for plating thicknesses such as are found in the 
shell and strength decks of vessels 300-400 ft. in length, the plain butt weld provides a connection which is 
superior in strength to that of the riveted connection which is prescribed by the requirements of the 
Classification Societies’ Rules. It is quite possible that the results of tests will indicate that reinforce- 
ment at the root of the weld, by providing a projecting bead at the apex of the “V,” is necessary, or it 
may be necessary to fit a strap in certain cases covering the apex of the weld, in order to bring up the 
strength of the joint to a certain standard of efficiency, but whatever form the final requirements of the 
Classification Societies take in respect to this question, | think you will agree that it is absolutely 
necessary, that a comparative investigation of the two types of joint must, in the first instance, be made in 
order to determine whether butt joints are superior to, equivalent to, or inferior to,an overlapped joint for 
the conditions which apply to the strength members of seagoing vessels, of average size and type. lt may 
be said without much fear of contradiction, that the shipyards will always prefer to adopt butt welding 
rather than the overlapped type of joint, as the former is easier to execute, costs less for workmanship and, 
in addition, enables a greater saving of weight than would be effected using an overlapped joint. In 
addition the butt weld provides plane surfaces so that frames, stiffeners or angle bar connections, which 
have to cross seams and butts, can be fitted without the troubles which arise when overlapped joints are 
encountered. For all these reasons, I think the time is not far distant, when it will be necessary for the 
(Classification Societies to make a definite pronouncement on the merits of straight butt welding and, for 
this reason, I am taking the liberty, in replying to the query contained in your letter on this point, of 
suggesting that the answer to this question can only be given as a result of careful investigation, not only 
on test pieces of the usual type, but also on full size test specimens of fairly large dimensions, where the 
individual pieces are welded together so as to reproduce, fairly approximately, the conditions which would 
obtain in the case of an ordinary seagoing vessel. 


Exrracts From PusnisHep REMARKS IN REFERENCE TO Burr AND OVERLAPPED WELDS. 


(1) For connecting plates, butt welds should be used in so far as it is at all possible. The use of over- 
lapped welds is to be confined to the few cases where this type of weld cannot be avoided. 


(2) The overlapped weld is quite properly in Section 3, paragraph 4 permitted only as an exceptional 
arrangement and then only under conditions which are none too light, but for the shell and the strength 
deck which are the most important structural parts of the ship girder, the overlapped weld is forbidden 
and the butt weld placed in its stead. This arrangement, viz., the butt weld is disapproved by the 
German Industrial Standards for bridges, it being regarded as alone unreliable for the transmission of 
stresses. Overlapping had its justification in the technique of riveting, but there is no place left for it 
where connections are made by welding, because the butt weld which properly takes up the tensile stresses, 
is replaced by a fillet weld. A welded connection of this type shows, however, an extremely harmful 
subsidiary bending stress which acts without the central medial plane and weld connections are very 
susceptible to stresses of this kind. The requirement of the Germanischer Lloyd is to be regarded as a 
progressive step. 


(1) Schiffbau 1932, vol. 3, page 41, Rules of the Germanischer Lloyd re Electric Welding. 


(2) Schiffbau 1932, vol. 7, page 102. “Re Ship Welding according to the Rules of the German Industrial 
Standards and Germanischer Lloyd” by Dr. Ing. R. Schmidt, Danzig. 
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(3) Overlaps, when under stress, are subjected to a bending moment which increases with the thickness 
of the plates and decreases with the width of the overlaps. The amount to which the weld material in 
the fillets is burned into the original material weakens the streng:h of the plates at this point. With thin 
plates up to about 5 mm. one is nevertheless able to arrive at 90-100 per cent. of the strength of the plate 
under a pull across the weld—in the case of thick plates about 80 per cent. When the pull is applied in 
the direction of the weld there results a flow of the material. When no restriction is placed upon the 
choice of joint the butt weld deserves on weld technical grounds the preference before the overlapped 
joint. 


(4) From a weld technical and shipbuilding standpoint the longitudinal seams with single or double 
“V” are to be preferred to overlapped seams, as in the former no bending stresses can come into play and 
further, the flat surfaces outboard are of advantage in giving flow past the ship of uninterrupted character 
and inside will permit the unbroken run of frames, &c. 


Straps :—The obvious course to follow in order to supply the deficiency in strength, in the case of a 
single “V” seam where the part is of larger dimensions, is to provide straps. The straps in shipbuilding 
must, in general, be fitted watertight, as otherwise they would be lifted away from the seam by rust. The 
straps must therefore be welded right round to the plates to which they are attached. 


(5) For butt welds in seams, one can calculate using an ultimate breaking strength of 25°3 kgs./mm’. 
The same tensile strength can be used for overlapped welds normally stressed at right angles to the line of 
the weld. 


(6) The adoption of overlaps in the plating, which is preferred in America, has undoubtedly advantages 
in assembling the work and also for welding when performed by automatic welders, which type of welding 
in the present stage of development can for this reason be carried out with reliability. But as a 
connection for plating by means of welding, the butt weld appears to be the type of joint to be striven after, 
which type in the case of thinner plates, due to the convex extra height of the weld layers, and for the 
heavily stressed thick or very hard plates which can be additionally strengthened as may be necessary by 
fitting a thin and suitable strap, provides a strength of joint which is quite up to that of the original 
material in the plating. For the straps, fitted at butts of this kind, double straps are not always necessary. 
In practice, in the case of a single “V” joint, for example, the root of the weld tends to be the weaker part 
of the joint, when this is not welded with a projecting bend on the underside, and it is quite sufficient in 
my opinion, for most cases if, on this side, a strap is fitted which can bring the deficiency in the breaking 
strength up to 100 per cent. Welded overlaps give more weight, occasion when under stress, internal 
bending stresses in ie joint, and necessitate the cutting away of the webs of stiffeners where these cross 
the joint. Overlaps require, with the two fillets, double the amount of weld material as compared with a 
simple butt weld, and for all those reasons a preference of the overlap connection is at least not warranted, 
on any fundamental basis, for the construction of bulkheads or other plating. The advantages of over- 
lapping for assembling and for the carrying out of the weld work, do at times make their use worthy of 
recommendation, their general adoption for plate butts would only be a legacy from the use and wont of 
riveted construction, where from the nature of the construction they were necessary. 


(7) Welding in the transverse direction provides the possibility to adopt the butt weld with its 
exceptional saving in weight. This weld is to be preferred to the overlapped weld, especially on account 
of the straight line transference of the stresses, which also offers advantages where angle connections are 
present. 


(3) Schiffbau 1932, vol. 13, page 205. “ Welding in Shipbuilding” by Obermarinebaurat Lottmann. 

(4) Schiffbau 1932, vol. 15, page 233. “Welding in Shipbuilding” by Obermarinebaurat Lottmann. 

(5) Werft-Reederei-Hafen 1930, vol. 5, page 95. “Use of Electric Welding in American Shipbuilding” by 
Dr. Ing. C. Commentz. Hamburg 

(6) Werft-Reederei-Hafen 1930, vol. 17, page 370 “Welding done at Yards in America and in Germany” by 
Obermarinebaurat Lottmann. 

(7) Werft-Reederei-Hafen 1931, vol. 10, page 164, “Fusion Welding in Shipbuilding. Schiffbautechnische 
Gesellschaft’ by Dr. Ing. Teubert. 
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REPLY BY THE AUTHOR. 


By the time this reply is in print a year will have elapsed since I wrote my paper. There can be no 
doubt, that this year has seen a great advance not only in the study and application of electric welding, but 
also in the confidence and practicability of its use in the future. 

The technical press of many countries has been filled with more or less academic dissertation on the 
varied problems of electric welding, and if one tried to cope with all that has been written, one would be so 
overwhelmed by theory as to be almost afraid of tackling a welding job at all. 


Fortunately, every now and then, something appears as fait accompli, in the form of a welded ship or 
some other work, and one is brought face to face with actual facts. 


Thus in recent months, having seen an all-welded barge built, also large transverse bulkheads and oil 
fuel bunkers without the sign of a rivet, to say nothing of important alterations to ships already built, 
wherein electric welding has played a big part, [ feel more confident than ever. 

But without further introduction I must tackle the big list of contributions which colleagues have 
been kind enough to offer during the discussion. If I fall short in reply I feel sure they will realise that 
my space is limited and that to answer all questions fully would necessitate another paper. 


I agree with our President, Dr. Dorey, when he says that “ the designer of a welded structure should 
break away entirely from conventional methods employed for riveted structures.” But this is not an easy 
matter. 

I have seen welded designs follow riveted designs so closely that details, which should be peculiar to 
riveted structures, have themselves been copied. A mistake of this kind is, however, not likely to be 
repeated, as it reveals itself readily in the welded structure. 

Regarding the quality of the electrode, I still think there should be some periodic check on this at the 
source of manufacture, so that the rods may be received with every confidence at the shipyard, where I am 
satisfied efficient welds can now be guaranteed. 


While I agree with Mr. W. Thomson that the strength of a butt weld is affected somewhat by the 
properties of the adjacent metal, I intended to draw attention, on page 11 of the paper, to the very great 
range that is allowed in the strength of a butt joint. To my mind this range could, with advantage be 
reduced, not only in regard to the weld but also for the mild steel plate. 


There need be no doubt about the strength of a weld, and in practice, if a little extra strength is 
thought desirable in one place more than another, as for example, at the junction of a transverse bulkhead 
with the shell, then special electrodes can be used to give this. 


Lam glad to see that Mr. Thomson agrees that some latitude in the length of test pieces is, at times, 
desirable. 

My reason for drawing up the table on page 26, which I called theoretical safe load per linear inch of 
fillet welds, was simply to give myself some idea as to the strength of such welds, as it was so difficult to 
obtain anything definite on the subject. The provisos being clearly stated, it is possible to use this 
table in conjunction with Mr. Moon’s practical table at the end of the paper. 


Mr. Townshend, I am glad to note, looks sympathetically towards electric welding. 1 have to thank 
him for his correction to the description of Messrs. Armstrong Whitworth’s tests on page 22. He is quite 
right, the spacing of the welds of the bulb plate stiffener is not 10} ins., but 5} ins., taking both sides 
into account. Lam interested in Mr. Townshend’s reasoning regarding the effect of the omission of 


stiffener flanges, and agree that no increase in thickness of plating, generally, is necessary. 


t= be =) 
My reference to the probable use of joggling was because the long joggled lap joint for shell seams 
had proved so satisfactory under test and also gave a flush surface. A little more practice will, however, 
make common the actual butt weld, which is ideal for weight saving and smoothness of surface. 


Practice shows that long runs per electrode and low amperage are desirable with light material to 
prevent distortion, though with heavier plating the larger electrode and greater amperage will come into 
their own. I am inclining more and more to the use of the larger electrode. 


The welded joints referred to, under corrosion tests, were made from light coated electrodes of the 
Gevex type. 
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From what I have seen, up to the present, I prefer light continuous runs of electric welding to 
comparatively heavy intermittent ones, and it seems possible that, in tankers carrying light oils, for 
example, there will always be the danger with intermittent welding of scale forming under the 
longitudinals and disrupting the welding. The continuous weld is also an advantage where different 
kinds of oil are carried as cargo on successive trips. 


I would ease Mr. Ewing’s mind by saying that only in rare cases is electric welding resorted to for 
repair of a stern frame sole piece fractured right through. 


I agree with him entirely as to the advisability of using electric welding in the initial construction of 
oil fuel bunkers and the practice of so doing is certainly becoming more common. 


In reply to Mr. Urwin, I think shipbuilders, from the great variety of their choice, have some 
difficulty in knowing what is the best electrode for a definite job, and the position might be cleared 
somewhat by manufacturers’ indicating in their lists the suitability of electrodes for work under certain 
main headings. 


The avoidance of overlap welding by the Germanischer Lloyd was of such general importance that | 
wrote Mr. Chisholm for an explanation. He gave me so interesting a reply that I have included certain 
items from it in the discussion. 


I agree with Mr. Urwin that a smooth finish to a weld is desirable though I regret: it is not the 
practice. 

With regard to Mr. Johnson’s remarks, I think he will agree that one of the great advantages of 
electric welding, in a properly designed ship, is in obtaining a homogeneous structure. I suppose if it 
were possible to build the hull in one piece that would be ideal ; well, electric welding is in effect making 
that possible. In many welded bulkheads the seams have been arranged as close as possible to stiffeners 
in order to reduce distortion. The idea of a welded joint being a weakness in a structure will, to my 
mind, soon disappear. 


Mr. Balfour has summed up the present position with regard to electric welding very well and | agree 
with his remarks. 


Distortion is undoubtedly still a problem and strange as it may seem, two halves of a bulkhead 
intended to be welded the same way, may show quite different results so far as distortion is concerned. 
These difficulties however are being surmounted. 


I agree with Mr. Kimber that many important electric welding repairs were successfully undertaken 
on British naval vessels during the war. They were accepted by force majeure but to-day electric welding 
is the choice of the Admiralty for much of its new construction. 


I am asked to give my views on the interworkability of the many systems of are welding now in use. 
I see no reason why various systems of welding should not be tried concurrently on any job if it is large 
enough, though generally, the same type of rod is used with a variety of machines. 


With regard to the oxy-acetylene process of welding, I think we have not heard the last of this by any 
means, but at present it is not used for new ship construction. 


In regard to new welds joining up with old it is only natural that a welder will want to be responsible 
for the complete repair, though he could have no justification in cutting out good work simply for the sake 
of renewing it. 


1 am interested in reading Mr. Bartlett’s comparative analysis of visual inspection. 


In repairs, I agree it will not be long before we replace the present formula “ off, fair and refit” by 
“crop and weld,” or something of the kind, though the proper spacing of butts will, I think, remain 
an important factor for some time to come. 

I should like to thank Mr. McCririck for his general remarks and for not asking me any questions. 


Lam obliged to Mr. Shepheard for his particulars in regard to the welded barges, and would refer 
him to Mr. Chisholm’s remarks re the overlap question. 


Mr. A. Watt has given some interesting details of repairs to castings carried out by electric welding. 
He also points out that a continuous weld need not be made in one direct run, but can be done in steps. 


27 
I should like to thank Mr. Dean very much for his first hand information in regard to what is being 
done at Birkenhead. Messrs. Cammell Laird have always been to the fore in the use of electric welding, 
and look like keeping there. 
I have tried the Lincoln Shield 2 in. diameter electrode, but should not like to operate with it 
for long. Heavy material will, however, demand heavier electrodes in the future. 


Covered berths are almost essential for welded ship construction and what is just as necessary, space 
for fabricating on special skids or metal slabs at the head of the berths. 


Mr. Jackson—when I referred to the use of electrodes in each hand, I had in mind the Polyare Three 
Phase Transformer which has been used considerably on the Continent, and to some extent in this country. 
The system has obvious advantages though, of course, the operator has to become ambidexterous. This 
however should not be difficult as all oxy-acetylene welders use both hands with ease, although the 
operations of each are distinct. The use of No. 6 and No. 4 eleetrodes is becoming more frequent. Tests 
recently carried out on specimens of deposited material from No. 6 rods were entirely satisfactory. 


Mr. Jackson quite rightly draws attention to the difference in number and size of electrodes indicated 
in Figs. 2 and 19. These represent different points of view, with perhaps the latter table being nearer 
shipyard practice at present. I have also seen the informative film produced by the Swiss Acetylene 
Association of Basle, and think the spiral seam for boilers and pressure vessels a good idea. 


I agree with Mr, Hodgson that at the present stage of development, shipyards would be well advised 
to stick to as few types of general service electrodes as possible, in order to get that “uniform and well 
practised workmanship” of which he speaks. 


The “Tong” tester gives a very ready check on the current actually being used by operators. I have 
found the Society’s standard angle of 60° for butt welds quite satisfactory in practice over a wide 
range of thickness, though a little more margin is required with the gap if measured before tacking. IT am 
a great believer in a bead on the reverse side wherever possible. 


For recent bulkhead work the stiffeners have been formed by cutting T beams. This cutting was 


done very neatly and smoothly by oxy-coal gas. The stiffeners did not appear to suffer in the least, nor 
was there any difficulty in subsequently welding them to the bulkhead plating. 


Replying to Mr. Butler, it has not been found necessary, so far, to deal specially with mill scale before 
welding. In Admiralty work it is even possible to weld galvanized material together satisfactorily. 


I think Mr. Collinson may rest assured that “ the properties of the material immediately adjacent to 
a weld” are pretty well known, though of course, they will vary with the type of electrode used and so forth. 
Microphotographs are essential to a study of this kind. 


I incline to butt welds, wherever practical considerations will allow, especially with the “ bead” on the 
back. 

Superficial theoretical estimates of the value of fillet welds omit the effect of the “zone of fusion,” 
which is considered by some to be very great. 


The Society's rules only require a light run of welding on the inside edge of seams of shell plating, 
with a full run on the outside edge. 


I should like to thank Messrs. Ripley and Lewis for their joint reply to the invitation I extended to 
them to discuss the metallurgical side of welding. We would do well to remember what they say “that 
once a man has proved himself to be an efficient welder his work rarely becomes generally bad.” ‘On the 
other hand, I have noticed a certain recklessness or carelessness, now and then, on the part of a welder busy 
with test specimens, which has boded ill for the results. It may be the case of the old “familiarity” over 
again. 

It is very good of Mr. Bennett to tind time amidst his removal to Philadelphia to give us the benefit 
of his notes on American welding practice. 


It would appear that a higher current is used in the U.S.A. than in our country, though it is not 


quite clear from Mr. Bennett’s remarks whether 180-190 amps. would be used with a No. 6 electrode or a 
No. 8. With vertical welding I have known a preference for all runs to be made from the top downwards. 


28 


I think the length of weld from a certain size electrode serves a useful purpose and compares with 
size and spacing of rivets in a riveted job. The length of weld deposited from one rod fixes the throat 
and consequently the strength of the fillet. 


In a butt weld it would not be so important, though it is,a criterion of satisfactory welding conditions. 


As regards contraction I have seen an occasional shell overlap on a longitudinal introduced with 
advantage. 


Mr. Chisholm has given such a full account of the merits of the butt weld as against the lap weld for 
general service that there is no need for me to add anything further. I am indeed much obliged. It 
seems strange that with British Admiralty work the lap weld should still be preferred to the butt weld. 


As I said at the beginning of my reply, the past year has been one of great advance in the use of 
electric welding in ship construction, despite the fact that so little tonnage has been built. 


I have been not a little surprised at the way every step taken in this advance, at least in work with 
which I have been connected, has appeared to me quite natural, and certainly the eye can quickly get 
accustomed to the welded structure and equally how strange to the eye rivet holes soon appear. 


I have recently tested extensive electrically welded oil fuel bunkers in a Commonwealth and Dominion 
liner building at the Wallsend yard of Messrs. Swan, Hunter & Wigham-Ricbardson, Ld., and I do not 
think more than a foot inall of welding has had to be cut out and redone, asa result of the water tests. 


The main tranverse bulkheads have been equally successful. More than 300,000 electrodes have been 
used in this ship so far. Thus is the “ship of the future” well on its way and only the number of 
trained welders at present available will limit the amount of welding used, although the time factor also 
enters, as good welding must not be hurried. 


In closing, I should again like to thank all colleagues who have shown their interest in electric welding 
to the extent of contributing to this discussion. 


BEHAVIOUR OF STEEL AT ELEVATED 
TEMPERATURES. 


By G. H. FORSYTH & C. W. REED. 


READ ON 15TH FEBRUARY, 1933. 


Increases in economy, both as regards fuel consumption and maintenance, have always been the 
chief aim of the engineer. The advances which have been made have naturally resulted in the consider- 
ation of suitable materials being of utmost importance. From thermodynamic considerations it is apparent 
that increase in efficiency is inseparable from increased steam pressures and temperatures. The line of 
future development will therefore necessitate a knowledge of the ability of materials to withstand working 
temperatures without structural changes occurring and without the working stresses producing serious 
changes of dimension. 


A paper has already been given before the Staff Association in 1929 by W. E. Lewis, on 
the properties of materials at high temperatures. Since that date the results of more recent experiments 
have been published and it is felt that the subject may now be taken a step further. 


The behaviour of carbon and low-alloy steels is fairly well established, on the other hand a 
large field of investigation lies open to the selection of materials, ferrous and non-ferrous, on the basis of 
their general suitability for long service at high temperatures. The authors feel that this will form 
material for yet another paper when, as a result of further research, special materials have been selected. 


It is felt that this subject will become of greater importance in view of the fact that the Society is 
now endeavouring to extend its activities in land installations where steam temperatures are’ higher 
that at present being used or contemplated for marine purposes. 


The subject matter of the present paper deals with the following phenomena which may be a result 
of temperature or of temperature and stress, viz.:— 
. Embrittlement. 
. Spheroidisation. 
. Creep test results. 
. Alloy steels. 
5. Fatigue at elevated temperatures. 
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The authors also put forward proposed working stresses in the case of carbon steels at elevated 
temperatures, and it is hoped that these together with the other information included, may be of interest 
to the Members of the Staff Association. 


EMBRITTLEMENT. 


There is evidence showing that steels after exposure to high working temperatures become brittle. 
The phenomenon appears to be of greater importance in the case of alloy steels than in carbon steels 
assuming suitable working stresses are applied. It has been found that steels which have been specially 
chosen to provide greater tensile strength and resistance to creep, at elevated temperatures, have failed 
through the action of embrittlement. 
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The embrittlement referred to appears to be of the same character as that occurring in Nickel- 
Chromium steels slow cooled after tempering or what has been called by Dickenson ‘temper brittleness.” 
It isa fact that such brittleness occurs at ordinary atmospheric temperature and much greater toughness 
is generally exhibited at the working temperature. 


Nevertheless such notch-brittleness is of great importance in practice, it has caused trouble princi- 
pally during overhaul of steam and turbine casing joints after a period of service at elevated temperatures. 
n some instances the slackening off or tightening up of the securing bolts has resulted in brittle fractures. 
In —_ cases it is thought that subsequent trouble has been the result of cracks started during 
overhaul. 


The relative abs of temperature and working stress in producing brittleness is not yet 
thoroughly known; the balance of experimental evidence at present would indicate that temperature has 
the predominating effect. Most of the experiments to date have reproduced as far as possible working 
conditions, and the materials have been subjected to high temperature and stress simultaneously. It may 
further be mentioned that only impact tests have in some cases revealed brittleness. In this connection 
results of tests given by Bailey and Roberts are of interest.* 


Tests on steel having the following composition :— 
Cc. Si. Mn. ee 8. Ni. Cr. Mo. 
“B34 *20 64 029 “025 3°34 "22 “31 
The steel, as received, was oil-hardened from 1545° F, and afterwards tempered for one hour at 
1100° F. and oil quenched. 


The following Table gives the physical properties both before and after embrittlement treatment. 


i ; Ulti , 
Embrittlement Treatment. Yield Point, Tensile Stoces, Elongation, | Reduction of Izod Test, 
tons per sq. in. | tong per sq. in. per cent. Area, per cent. ft. lbs. 
Nilser ae ave ary 56 62°9 24 64 59 
845° F. and stress of 
five tons per sq. in. for 55-4 63 22'8 59 13 
250 hours. 


There is fair agreement among investigators that many steels which have become embrittled show no 
change in microstructure as compared with their previous tough condition. 


From all the evidence available it appears that embrittlement must be taken into consideration in 
selecting materials for use at high temperatures. Different means of testing material have been employed 
but these resolve themselves generally into impact tests for notch-brittleness after subjecting test pieces, 
suitably stressed, for a period to high temperatures. 


* Proceedings of Institute of Mechanical Engineers. Vol. 122, 1932. 


TABLE 1. 
Results obtained in the Imperial Chemical Industries Research Department at Billingham. 


Heat Treatment, °C. 


Composition of Steel, per cent. 0..=0i1 Quenched, Embrittling Treatment. Impact, ft.-lb. so et 
No. Other ae ee Stress, a volte. 
Cc. | Cr. Ni. | Mo. bc price 4 eae eee | r. fs i a Initial Condition. | After Treatment. | per cent. 
1 | 0:25 |12-14; — oa _— 0.Q. : 950 10 390 50 | 11°5, 12, 11, 12 | 12°5, 12°5, 12°5 
A.C. : 700 10 450 50 115 Nil 
2 10°20- | 125 | 876) — — 0.Q. : 830 10 390 50 39°5, 41, 37°5 10°5, 21 50-75 
0°30 0.Q. : 600-650 10 450 50 385 dd 87 
8 | 0°35 | 118 | 0°45 | — | 015 V 0.Q. : 850 10 390 50 18, 25°5, 17°5 16, 25°5, 11°5 8-37 
W.Q. : 560 10 450 50 23 10°5 40-60 
4 | 0°28 | 0°87 | 3°60 | 0°24 _ 0.Q. : 820 10 390 50 55, 54°5, 56 31, 30°5, 8 43-48 
A.C. : 640 10 450 50 58°5 14°5 73-76 
5 | 0°30 | 0°60 | 2°5 0°60 —_ As received from 10 390 50 $1°5, 84, 81°5 | 81, 81°5, 29, 27 Nil 
makers 10 | 450 | 50 33 Nil 
6} 0:20) — a os — Normalized 10 390 50 87, 82°5, 36°5 oe 21°5 33-48 
10 450 50 32 21°5, 20° 38-45 
@ j| 03204) tes — — — Normalized 10 250 50 37, 32°5, 36°5 | 16, i 17, 12°5| 47-66 
8) 70:61 1 78:32 4) —— — | 2°62 Si 0.Q. : 1,000 10 390 50 8°5, 9°5, 10° 8°5, 9°5 Nil 
W.Q. : 825 10 450 50 10 7°5, 85 Nil 
9) 80:305) G12) a 0°28 — 0.Q. : 850 10 390 50 33, 81°5, 315 30°5 Nil 
0.Q. : 600 10 450 50 33, 85 Nil 
10 |0:20- | 0°97 | 366); — — 0.Q. : 830 10 390 50 28, 29 25, 27°5 0-138 
0°30 0.Q. : 600-650 10 450 50 ts a 72-76 
11 | 0°12 18 8 — | 06 W. W.Q. : 1,150 10 390 50 90°5, 7 Nil 
10 450 50 87 88, 30. Nil 
12 | 0°25 Five | O51 — 0.Q. : 900 10 400 50 29, 27°5, 28 19, 20 27-35 
A.C. : 650 10 450 50 29 16, 33 42-45 
18 | 0:25 | 057) — O51 = A.C. : 900 10 450 50 21, 17°5, 28°5 12, 17 3-49 
ALC. : 650 10 450 50 19 10°5, 19°5 40-55 
4; — — 3°1 = = = 10 400 50 28, 29 11, 25 10-62 
10 450 50 22°5, 13 22-55 
Lo 0212 —_ 0°35 = Normalized 10 400 50 27°5, 21 15°5, 16 24-44 
10 450 50 20°5, 16°5 0-40 
16 | 0°34 | 0°82 | 0°65 | 1°10 ca 0.Q. : 830 10 370 50 26, 28 29, 32 Nil 
0.Q. : 650 10 450 50 29, 29°5 Nil 
17 | 0°28 | 0°87 | 3°60 | 0°24 — 0.Q. : 820 0 400 50 55, 54°, 56 35, 34°5 35-41 
A.C. : 640 0 450 50 58°5 32°5, 31 40-47 
18 | 0°32 | 0°95 | 380); — SSE 0.Q. : 830 10 
0.Q. : 620 10 370 50 40 26°5 34 
19 | 0°30 | 0°60 | 2°5 0°60 = As received from 10 390 | 150 31°5, 34, 315 33°5, 315 Nil 
makers 10 450 | 150 33 28°5, 27°5 10-20 
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TABLE 2. 


Embrittlement of Steels under Stress and Elevated Temperatures. 
(From a paper by R. W. Bailey and A. M. Roberts, Proc. Inst. of Mech. Eng, vol, 122, 1932.) 


Composition of Steel, per cent. 


Embrittling Treatment. 


Impact. ft.-lb. 


| 
Reduction 


pee he in 
©. | Mn. | Nic | Cr. | Mo. | Ou. “T= Tempered. | ness. Retrpend por kao. el en! cL A 
sq. in. . BREE. |” tion. ment. 

0°34 1:08 | 1:44 | 0°18 | Nil a O.H. : 850. T. : 650 255 0 450 200 | 45, 48 6, 9 84 
” ” ” ” ” = ” ” A 10 od 250 or, 7,138 79 
0°28 0°65 | 3°38 | 0°6 Nil _ O.H. : 830, T. : 650 270 05 iy 100 | 54, 56 ' 86 
a 4 oe as s _ a 7 3 10 Se fA i 3, 4 93 
0°34 0°64 | 3°34 | 0°72 | 0°21 _ O.H. : 848, T. : 593 290 5 ey 250 44 19 57 
0°30 0°63 | 3°27 | 1°05 | 04 _ O.H. : 850, T. : 650 i 5 id 100 | 32, 34 | 24,29 20 
0°21 0°56 | Bl 1:25 | 0°56 —_ O.H. : 850, T. ; 650 287 5 $5 200 | 71,73 | 39, 46 41 
0°26 0°59 | 3°14 | 1:07 | 0°57 _— Unknown 306 5 a a 51, 53 | 20, 20 62 
0°30 0°45 | 2°51 | 0°81 | 0°57 —_— Unknown 257 5 5 a $3, 85 |. 26,31 16 
0°30 0°53 | 2°87 | 0°62 | 0°65 O.H. : 830, T. : 650 285 05 a 100 | 88,45 | 48, 48 Nil 
a 7 e Ss 5 _ Gy * 6 10 te fa are fe GEe ‘ 
0°25 0°48 | 3°05 | 0°03 | Nil —_ Normalized 800-850 | 203 5 3 A 25, 27-) 16; 17 37 
3 per cent. Nickel Steel — Unknown 241 8 400 | 200 | 48,52] 6, 6 88 

” ” ” _ Unknown 2387 8 Pe 4 51, 52 ll 80 

0°25 0°55 4:9 | 0°08 | Trace} — Normalized 800-850 | 181 5 450 100 | 41, 42 | 48, 50 Nil 

0°125} 0°58 | 0°05 | Trace | 0-4 0°47 Normalized 900 132 5 ms 200 | 49,55 | 16,17 68* 
0°34 1°51.| 0:09 | 0°03 | Nil — O.H. : 850, T. : 650 10 3 125. | 27,81 | 15,18 43 
050 | 0:57] Nil | 1:04] Nil | — | O.H.:850,T.:700 | 228 | 5 . | 200 | 42,441 44,45| Nil 
0-46 | 059 | Nil 105 | 08 | — m “ 248 | 5 " » | 39,40] 39,40| Nil 
0°48 0°63 | Nil 2°05 | 0°24 - os 262 5 oe <7 43, 44 | 40, 42 5 
0°50 0°64 | Nil 1:04 | Nil 0-22 ss a 241 5 - P 40,41 | 48, 41 Nil 


*Brittleness stated to be due to copper present in the mild steel. 
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Table 1 gives results of tests carried out by Dr. N. P. Inglis* from which it will be noted that mild 
steel, normalized and subjected to a stress of ten tons after 50 cycles at 250°C. showed a reduction in 
impact value of 47-66 per cent. which is greater than that in test (6) of the same table carried out at 
390° C. It should be explained that a cycle consisted of maintaining a stress for a period of eight hours at 
the temperature given in the table and then allowing it to cool during a further period of eight hours 
under stress. 

Table 2 gives results obtained by Bailey and Roberts. These investigators appear to be of the 
opinion that the stresses employed in service have no appreciable influence on embrittlement, further, they 
are of the opinion that embrittlement under such stresses is not of importance in the case of carbon steels. 
The results obtained by Dr. Inglis showed otherwise but it should be noticed that the stress employed, 
viz., 10 tons, may have produced a strain hardening effect. Certainly it is much higher than stresses 
usual in practice. 


The effect of time on the process of embrittlement is shown by Fig. 1* and represents a series of 
tests carried out on a 8 per cent. nickel steel. 

With the information at present available it is impossible to decide, without carrying out suitable 
tests, whether a special bolt material, giving high resistance to creep, will be suitable in service at a 
particular temperature. The following information given by Bailey, Roberts and Inglis may serve as a 
guide. 

Nickel, manganese and possibly copper will, if present in suitable proportions, result in a steel which 
embrittles on exposure to temperatures met with in steam plant and the following facts are established. 


(a) 1°5 to 3°5 per cent. of nickel results in a steel liable to embrittle when the molybdenum 
is under *70 per cent., steels with 5 per cent. nickel appear to be free from this defect. 

(b) 1:0 to 2°0 per cent. manganese produces an effect similar to that of the nickel in (a) ; 
there is no data regarding the effect of molybdenum or other elements in inhibiting this condition. 

(c) Copper in small quantities of the order 0°5 per cent. certainly involve a liability to 


embrittlement. 
Further steel having the following composition, viz. :— 
Cc. Ni. Chr. Mo. 
*2—3 per cent. 2°2-2°6 per cent. *5—8 per cent. ‘57 per cent. 


according to Inglis had not embrittled after 4,000 hours at 450° C. and for steel having the following 
composition, viz. :— 


C. Ni. Chr, Mo. Ss. P. Mn. Si. 
*32 2°48 D8 D8 026 033 ‘D1 15 
Bailey and Roberts give the following results :— 
Treatment. Impact test. 
as received ie ine eee on nee ow a vee 85D 39° 
450° C. 5 tons per sq. in. for 300 hours 0 at nerds ~~ = —20 


From the foregoing it is considered by the authors that bolt material for high temperature installa- 
tions should be selected from materials which have been found either successful in service or subjected 
to impact tests after being exposed to the service temperature and stress for a suitable period as indicated 
by the tests already referred to. 


THE IMPORTANCE OF SPHEROIDISATION. 


The phenomenon of spheroidisation in carbon steels was known by metallurgists to occur at 
temperatures ranging from 600°-700° C., it was, however, not known until recently that, given sufficient 
time, spheroidisation would occur at temperatures as low as 450° C. (842° F.). 

Carbon steels, in the fully annealed and normalized condition, may be said to consist of grains of 
ferrite, ie., pure iron and grains of perlite. Perlite in the lamellar state is made up of alternate bands of 
ferrite and iron carbide. Accordingly the proportion of perlite will increase with the carbon content, and 
reaches 100 per cent. for 0°9 carbon steel. Fig. 2 (a) gives the structure of such a steel with the perlite in 


* Proceedings of Institute of Mechanical Engineers, Vol. 122, 1932. 
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the lamellar state, in lower carbon steel the structure may consist of ferrite and perlite grains. It has 
been found that on heating carbon steels for a long period at temperatures below the lower critical AC1, 
viz., 700° C. in carbon steels, the structure of the perlite is changed. The lamellar iron carbide breaking 
up into a collection of small masses as shown in Fig. 2(%). The form of the masses is globular and the 
carbide is then said to be spheroidised. In this condition the resistance to creep has been greatly reduced, 
and it may be mentioned that evidence of spheroidisation has been found in superheater tubes where the 
means of temperature control has been limited. 

The subject of spheroidisation at temperatures below the lower critical have been studied by Bailey* 
and Roberts, and some of the results obtained are given by Figs. 3 and 4. Fig. 3 refers to a series of 
tests upon the material of superheater tubes and some other steels, and Fig. 4 to the steel “B,” referred 
to in Fig. 3, after being forged, normalized, and cold worked by rolling to a reduction of 75 per cent. 

These results indicate that the same degree of spheroidisation can be obtained at temperatures below 
the maximum temperature for spheroidisation, but the time required increases as the temperature is 
reduced. Bailey and Roberts have suggested the following law connecting time and temperature for 
spheroidisation :— 

b 
t = AeT 
where t = time in hours. 
b = 33,000 for all carbon steels. 
A = coefficient, subjected to variation due to thermal history or mechanical 
condition. 
e = the base of napierian logarithms. 
T = absolute temperature °C. 


The formula indicated, connecting carbide spheroidisation by a mathematical law, appears ambitious 
on the part of these investigators, nevertheless the results so obtained should serve as a guide as to what 
to expect in practice. 

The results shown by Figs. 3 and 4 illustrate the importance of the conditions of the steel as put 
into service. It is well known that cold working steel greatly decreases the time necessary for 
spheroidisation, one may assume, therefore, that cast steel will be difficult to spheroidize, and this is found 
to be so. As regards the condition in which a material is put into service, and its ability to resist this 
phenomenon, the following is of interest. 


Time for complete spheroidisation at 675° C. (1247° F.) 


(1) Cast and annealed as received ... yes a. 609 hours 
(2) Normalized at 900° C. (1652° F.) op 3 sh 65 4, 
(3) Forged and normalized at 900° C. es Ry 65 4 
(4) Forged, normalized and cold rolled 1°25 van Pah 4 


(5) Forged, normalized, cold rolled and normalized 65x) % 


The above results refer to *3 carbon cast steel as used for turbine cylinders and the value of 
normalizing after cold work, showing a beneficial effect. 


This fact would indicate that superheater tubes in the condition as supplied would be better 
normalized, i.e., heated to just above the AC 8 temperature and cooled in air in order to remove the effect 
of cold work in the drawing of the tubes and to produce lamellar carbide. 

With regard to the effect of stress on the time for spheroidisation the evidence available indicates that 
stress has little effect on the rate of spheroidisation at a particular temperature. 

A rough guide to the time for complete spheroidisation for annealed and normalized forgings, 
assuming that these on the average will be represented by a time of 250 hours at 1112° F., is given by the 
following corresponding approximate times and temperatures :—* 


Temperature oi |e 750 800 850 900 950 1,000 
MIMS DGUTB cea. fusie « Ae %el Orn stixalO areDOO 06 LO SO 5¢ 10t. 19), 10a 4c) lOe 


* Proceedings of Institute of Mechanical Engineers, Vol. 122, 1932. 
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INFLUENCE OF SPHEROIDISATION ON OREEP. 


The published information on the effect of spheroidisation on creep is due to Tapsell, Bailey and Roberts 
and very close agreement will be observed. 

The results obtained by the National Physical Laboratory are as follows :— 

Specimens of 0°10 per cent. carbon steel were cold-drawn and annealed 1112° F. for six hours, thus 
spheroidizing the carbide; the other specimens were normalized. The temperatures corresponding to a 
creep rate of 10° strain per hour were determined at three stresses, namely 3°5, 2 and 1 tons per sq. in. 

The results were as follows :— 


Stress tons per Spheroidized material. Normalized material. 
sq. in. Temp.°C. Temp. °F. Temp. °C. Temp. °F. 

3°5 526 979 545 1013 

2°0 568 1054 587 1088 

10 618 1144 638 1180 


These results show that the working temperature could be raised 36° F. higher in the case of materials 
put into service or retaining in service the lamellar carbide of normalized material. Although 36° F. 
does not seem of great importance, it will be seen on referring to the curve* of suitable working stress 
that 36° F. corresponds to an increase of °65 tons per sq. inch at 800° F. or an increase of 20 per cent. in 
the working stress suitable for spheroidized steel at 800° F. 

The results obtained by Bailey and Roberts and the effect of spheroidisation on creep are shown in 
Fig. 5 and are in fair agreement with those given above. 

The investigations on spheroidisation and its effect on creep indicate the importance of putting carbon 
steels for high temperature use into service in the correct condition—and uniformly so—i.e., with the 
carbide in the lamellar state. 


CREEP, 


When investigations were first carried out on the subject of creep at high temperatures it became 
apparent that time or the period of application of stress was an important factor, and further that the 
strength of materials as given by ordinary tensile tests gave little indication of the strength when subjected 
to loads for long periods. The importance of time factor may be emphasised by the following example :— 


Tests on Minp Stree, at 1,100° F. 


1. Ordinary tensile test gave an ultimate strength of 14 tons per square inch. 
2. A steady stress of 11 tons per square inch produced failure in the same material in thirty 
minutes. 


Accordingly it became necessary to determine the load which could be applied safely for periods of 
service at various temperatures and for this reason tensile tests have been carried out to determine the 
extension (or creep) of materials during prolonged periods of loading. 

Mr. Lewis in his paper drew attention to the fact that there are differences of opinion among inves- 
tigators as to the critical stress values below which a material will not creep indefinitely or whether a 
limiting creep stress does actually exist. 

The authors are of the opinion that the term limiting creep stress should be qualified by giving the 
sensitivity of the testing equipment, otherwise different values would be obtained for the limiting creep 
stress for the same material and the reason for such differences would not be apparent. Further, it is 
impossible to prove that a creep limit does exist because as the stress is reduced at a particular temperature 
the amount of creep becomes so small, also the time before rupture would occur would be so long, that it 
becomes outside the limit of practical experiment to obtain results. 

In this connection it may be noted that a few years ago many investigators assumed, in the absence of 
sufficiently refined apparatus, that creep limit is obtained when the rate of extension was less than 10° inch 
per inch per hour, that is, when the rate of creep is less than one millionth part of its length per hour. 
More recent experiments show that material may continue to extend for long periods at a rate of 10° inch 
per inch per hour at stresses lower than those to which “creep limit” was assigned. 


* See Fig. 20. 
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The foregoing remarks have been made for the purpose of cor serge the care that should be 
exercised in utilising results giving limiting creep stresses. On the other hand it might be pointed out 
that results giving creep limits may be usefully employed to obtain suitable design stresses using either of 
the following methods, viz. :— 


1. By using a suitable factor of safety in conjunction with limiting creep stress values obtained 
under known conditions. 


2. By reducing the working stress from a value found by experience satisfactory at a particular 
temperature, in proportion to the creep limits or to the creep test relation connecting stress and 
temperature for a specific small creep rate. 


The consideration of working stresses will be dealt with more fully later in this paper. 


The curves given in Fig. 6 show the results of experiments on normalized 0°17 per cent. carbon steel, 
which were carried out at the National Physical Laboratory.* The material had the following analysis : 
0°174 C, 0°13 Si, 0°018 8, 0°025 P, 0°685 Mn, 0°061 Ni. Similar curves are given in Mr. Lewis’s paper 
but these are included here for the purpose of comparison with more recent results. The following points 
will lead to a clear interpretation of the curves in Fig. 6. 


Proportional Liar. 


The limit of proportionality, or the range of stress over which Hookes Law holds, has a magnitude 
for a particular temperature which should be independent of the time for which that limiting stress is 
applied. It will be noted that the values given for the limit of proportionality steadily decrease from 
300° F. Assuming that this curve gave the true limit of proportionality then values could be taken from 
it for deciding on a working stress where no permanent deformation is permissible. Such a method would 
have supplied a simple way of getting over the important question of deformation, but the following points 
regarding such a method should be noted. In determining the limit of proportionality stresses above the 
limit must necessarily be applied and since these may be capable of producing creep, the loading during 
tests must be carried out slowly. Further, a correct determination of the limit of proportionality requires 
the use of a very sensitive extensometer otherwise errors of the order of 5 tons per sq. in. may be made. 
Generally speaking the more sensitive the extensometer the lower will be the value obtained for the limit 
of proportionality. 


It may also be mentioned that the values obtained for the proportional limit at high temperatures, as 
well as at atmospheric temperature, can be raised by straining the material beyond the elastic limit. Apart 
from the difficulty in obtaining correct values Tapsellt has found that the stress strain relations obtained at 
932° F. and 1022° F. gave no observable proportional line, indicating that the initial or primitive limit of 
proportionality at these temperatures is negligible in value. Further he recommends the use of the 
limiting creep stress for the determination of working stresses at temperatures above 400° C, or 752° F. 


The evidence available indicates therefore that values which have been put forward as proportional 
limits are an unreliable guide to the determination of suitable working stresses. An indication of the 
deformation that can occur at a stress, below the value given for the proportional limit given by Fig. 6, 
is furnished by Fig. 7 where the stress was 4 tons per sq. in. compared with a value for the proportional 
limit of 6°5 tons per sq. in. at 752° F. as given by Fig. 6. 


YrevD Porn. 


The yield point or the stress at which there is a sudden increase of strain varies with increase of 
temperature as will be noted from the curve in Fig. 6. It will be noticed that this curve is only obtained 
for temperatures up to 400° F. This is due to the fact that with further increase in temperature there is 
no well defined yield point and strain steadily increases with stress. This phenomenon whilst true for 
carbon steels is not always found in alloy steels. 


* Dept. of Scientific and Industrial Research. Special Report No.1. By kind permission of H. J. Tapsell, Esq., 
and H.M. Stationery Office. 
+ Dept. of Scientific and Industrial Research. Special Report No. 17. 
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ULtimatTe STRESS. 


The value of the wllimate stress has always been taken by engineers to give an indication of the 
capacity of a material to withstand working stresses. Where materials are subjected to high temperatures 
the importance of time upon the observed value of the ultimate strength becomes very marked. A glance 
at the ultimate stress and limiting creep stress curve will show how important time factor becomes in the 
determination of the strength of material. For a given temperature the difference between these two 
curves is an effect of time; and when time is considered the limiting creep stress curve may then be taken 
as a guide to the true ultimate stress. The other curve is one which is subject to great variation with the 
rate of loading in the testing machine and has been included to give an indication of the importance of 
time and it will be noted that the effect becomes more pronounced as the temperature increases. The 
value of the ultimate stress as obtained from ordinary tests may in some cases be used comparatively as an 
indication of the superiority of one material over another at elevated temperatures provided the rate of 
straining remains constant; such evidence, however, cannot always be taken as conclusive. 

The curve of ultimate strength derived from the ordinary tensile test rises steadily up to about 450° F., 
thus an increase of temperature has been accompanied by an increase in the strength of the steel. This is 
a direct result of strain hardening combined with thermal hardening of the material and the ultimate 
strength of any material for a given rate of testing will depend to some extent upon the rate of hardening 
due to the effects of temperature and strain. For this reason, at temperatures below 400°F. steel may 
give a greater strength when the load is applied slowly than when applied at the ordinary speed for 
tensile tests. 


In this connection results of tensile tests on five per cent. nickel steel at various rates of straining 
are of interest. Fig. 8 gives the stress-strain relation for three rates of straining at 932° F. Similar 
curves to these were obtained at various temperatures and the results so obtained were plotted as shown in 
Fig. 9. The ultimate tensile strength being in each case the maximum stress obtained from the series of 
curves as shown in Fig. 8. The form of the curves in Fig. 9 is associated with thermal hardening of the 
cold-worked steel. For such steels it is found that on heating at constant temperature the hardness of 
the steel as measured at room temperature increases up to a maximum value; further heating, however, 
results in softening. The higher the temperature the shorter will be the time taken to reach the maximum 
hardness. Consequently in the case of a series of tensile tests pulled at the same rate but at various 
temperatures there will be a particular temperature at which the full effect of thermal hardening of the 
material will coincide with the instant of maximum load and result in a maximum ultimate tensile strength. 
Thus in Fig. 9 it is seen that the slower rate of straining at about 554° F. allows more time for thermal 
hardening and results in a greater tensile strength, further at 932° F. thermal softening is taking place 
and thus the slower rate of loading gives a lower tensile strength. ‘Temperature conditions may therefore 
lead to an increase or decrease of hardness. It should also be mentioned that rapid overstrain results in a 
hardening of steel as shown by the Brinell number and the combined effects of strain hardening, thermal 
hardening or thermal softening have therefore a direct bearing on the characteristics of the ultimate 
strength, limiting creep and strain time curves. 


Moputus or Enasvticrry. 


It is very difficult to determine the modulus of elasticity for materials at elevated temperatures. 
Slight variations in temperature during a test, the long period required before taking strain ie due 
to the possibility of creep, also the small amount of loading possible within the reduced elastic range, 
makes accurate results difficult to obtain. Results indicate that for carbon and alloy steels up to 750° F. 
the value falls off roughly according to a straight line law to 80 per cent. of its value at atmospheric 
temperatures. For further increase in temperature the value falls off very rapidly and at 1000° F. it is 
only about 50 per cent. of its normal value. In using engineering formule including the value of the 
modulus of elasticity it should be remembered that the magnitude of the stress considered in the formule, 
should not exceed that given for the elastic limit for the temperature conditions under consideration. It 
appears that for temperatures above 750° F. creep will influence the distribution of stress as calculated 
using the theory of elasticity. 
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CREEP CHARACTERISTICS. 


Although a great deal of work has been done on the phenomenon of creep, the fact remains that in 
the present state of knowledge there is much that is speculative. It is doubtful whether, with all the 
information available, the precise deformation which would take place during the period of service of 
material could be estimated. 

When the so-called “creep limits”? were published, designers were dismayed to find that at tempera- 
tures of over 800° F, they were apparently faced with the problem of designing with stresses very much 
less than those permissible at ordinary temperatures. Research, employing more refined apparatus, was at 
once directed to further study of creep, with the result that it has been found that creep limits were not 
in fact limits at all; that at a given temperature the more refined the measurement the lower was the 
stress at which creep could be detected. The further research, instead of improving the position, 
apPARNGT made it worse. Working stresses were found to be in the creep region and it was apparent 
that parts so stressed might possibly break in time; the only question was, when ?—in 5,000, 10,000 or 
100,000 hours ? 

It has now become apparent that before breakage caused directly by creep could result, the part 
would in many instances fail to serve through change of size or shape this leading to failure on account of 
a secondary cause such as steam leakage. ‘Thus the idea of the life of the structure as depending on per- 
missible degree of distortion or growth has arisen. That is, design at high temperature should be based 
directly on creep properties of the material used. As already mentioned such accurate creep data is still 
very incomplete, it is however hoped that from the results analysed in this paper that, in the case of 
medium carbon steels the deformation with time may be approximately sain 3 and suitable working 
stresses indicated. 

Figs. 10 and 11* show the characteristics of creep curves and it will be noticed that for a particular 
value of stress the strain or creep is not a simple function of time. Further, creep consists of two phases ; 
the first indicates the development of what may be termed a uniform condition throughout the material, 
and the second phase concerns creep under uniform conditions throughout the material. 

Fig. 10 relates to a particular temperature at which considerable strain hardening occurs. Such 
hardening has the effect of increasing the period before which rapid creep, leading finally to rupture, takes 
place. The creep curves in Figs. 10 and 11 are for various values of stress, A, B, C, D, etc. and those 
Indicating creep to rupture show a point of inflexion which gives a minimum creep rate for a given con- 
dition of stress and temperature. Fig. 11 shows a similar set of curves for a temperature range of little 
strain hardening (i.e., at a higher temperature than for the curves of Fig. 10) and it will be noted that 
the minimum rates of creep occur much earlier in the life of the material. 

Regarding the phases of creep mentioned, it is considered that the rapid extension during the first 
phase is due to the grains composing a piece of metal varying considerably in condition as regards the 
stress they carry when the material is loaded. Some grains, most highly stressed, will deform or creep 
more rapidly than others, and tend thereby to become relieved of stress, thus throwing more load upon 
others. When each grain takes its share of stress the rate of creep will consequently be reduced. Thus 
it is found that movement is at first rapid, and decreases in speed as extension proceeds and a more 
uniform condition is approached. The time necessary for this “settling down” of the material will of 
course depend upon strain hardening and thermal action, i.e., thermal hardening or thermal softening. 
Increase of temperature above the maximum for thermal hardening speeds up the action for uniform 
conditions. The importance of deformation during the first phase of creep varies with the temperature, 
and at working stresses its magnitude is important relative to subsequent creep. 

The present position regarding creep tests and the interpretation of the results is shown by Fig. 12, 
which gives information obtained at the National Physical Laboratory in research carried out for the 
British Electrical and Allied Manufacturers’ Association} on *39 per cent. carbon forged steel as used for 
turbine discs. The curves give the minimum creep rates (i.e., at the point of inflexion of the strain time 
curves) for stresses of 3, 5 and 10 tons per sq. in., corresponding to various temperatures. The dotted 
lines extending from the full line curves represent the extrapolation of these curves. The point X 
represents results obtained by Metropolitan Vickers on the same material, and it is in fair agreement. 
The point Y is from Fig. 7 and represents a test on material cut from the same forging, the creep rate in 
this case being taken as 5 x 10° strain per hour, because it ranged between 10° and 10” strain per hour 
over the last period of 4,000 hours. 


*“ Creep of Metals,” by H. J. Tapeell. 
+ Department of Scientific and Industrial Research. Special Report No. 17. H.M.S.O. 


11 


The chain-curve for 4 tons stress has been interpolated, and it is clear that the extrapolation of this 
curve will not pass through the point Y. At first sight it would appear that there is a serious discrepancy 
between the results. The close agreement shown by the point X, also other published data, puts aside 
the question of experimental error. The reason for the point Y, representing a test at 4 tons per sq. in. 
stress at. 752° F., not coinciding with the extrapolation of the chain curve, is because the minimum creep 
has not been attained. If the test represented by Fig. 7 had been carried on long enough it is believed 
that a minimum creep rate would have been obtained which would have fallen on the extrapolation of 
the curve for 4 tons stress. Careful study of Figs. 7 and 12 will indicate the difficulties before a designer 
requiring to know the precise deformation with time. Refering to Fig. 7, the elastic strain or the strain 
upon the application of load is about °00036; after 10,000 hours this deformation increases to about *00062 
and creep is still proceeding at the rate of 5 x 10° strain per hour. Further comparison with Fig. 12 
indicates that the above rate is not the minimum in the life of the material. 


Before proceeding further with the question of deformation it may be well to indicate the importance 
of the quantity of carbon present in steel. 


Fig. 13 shows results obtained at the National Physical Laboratory for armco iron and for four* 
different steels varying in carbon content from *17 C. up to °51C. The values of limiting creep stress are 
based on a creep rate of not more than 10° inch per inch per day viz.:—4 x 107 inch per inch per hour, 
after about 40 days. It will be noted that at about 700° F. there is about 2 tons per sq. in. difference in 
the limiting creep stress in the case of *17, ‘24 and °51 carbon steels, whilst at 950° F. there is only about 
0°8 tons per sq. In. difference in stress. The effect on the working stress, as will be shown later, amounts 
only to about 4 of these stresses. It may therefore be said that for steels commonly used in engineering 
practice carbon contents above *17 per cent. do not appreciably effect the rate of creep at temperatures 
ranging from 750° F. to 950° F. 


Referring once again to Fig. 7 and considering the deformation possible with time, viz. :— 


At 752° F. deformation on application of load... om = *00086 
3 * due to creep after 10,000 hou ae -«- = "000262 
Rate of creep after 10,000 hours rr an os ms 2% ee 
Deformation during a further 90,000 hours assuming creep continues at 5 x 10° = 4°5 x 10“ 
(Note :—Fig. 7 indicates that the rate will be less than this)... ay .. = 00045 


Total deformation in 100,000 hours (00036 + °000262 + -00045) 
*00107 


That is a total increase of 45 of 1 per cent. in 11 years, approximately. 


I Il 


The increase due to creep would correspond to a strain of *000712. 
Consider the elastic strain ‘‘e” with a stress of 7 tons per sq. in. used in boiler construction. 


7 x 2240 
eee 2 
30 x 10° oe 
- (Creep + elastic strain) at 4 tons per sq. in. at 752° F. _ 00107 
Rat ( Pp : ! per sq = = 2 approx. 
i elastic strain at 7 tons per sq. in. 000522 PP 


With the assumptions made, the above ratio should not exceed 2. 


The authors are of the opinion that such a deformation is a permissible one in the case of riveted 
vessels used for high pressure steam. Further, a stress of four tons per sq. in. at 752° F. appears to 
correspond in importance to the usual stress of seven tons per sq. in. used for steam temperatures up to 
650° F. The above calculation has been based on perhaps one of the most accurate experiments on 
the creep of metals and further on the assumption quoted, viz:—that creep continues to proceed at the 
rate of 5 x 10° strain per hour. 


Messrs. Bailey and Roberts have carried out several tests upon the same material as that indicated in 
Fig. 7 at other temperatures and at a stress of four tons per sq. in. The times obtained from these 
tests for the same total creep strain of 000262, together with the result for 752° F., are shown plotted in 
Fig. 14. These investigators suggest that the procedure represented by Fig. 14 is likely to prove the 


* Not including the results for ‘3 C, Cast Steel. 
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most rational to employ where it is required to base working conditions of stress and temperature directly 
upon the results of creep tests. The dotted curve shows the effect of spheroidisation. 


Fig. 14 refers to a case where there is only a small total deformation, in such an instance the creep 
during the first phase forms a large percentage of the total creep. If the total deformation had been large 
then it would only have formed a small percentage. It may, therefore, be concluded that in the case of 
small permissible deformations creep during the first phase is important and total creep should be based on 
curves as shown in Fig. 14. 


To illustrate this point take the following example, viz.:—Referring to Fig. 12, if the curve for 4 tons 
per sq. in. be extrapolated to a temperature of 752°F. the minimum creep rate corresponding to this 
temperature becomes about 10” in. per in. per hour. Accordingly the strain after 10,000 hours would be 
10™ of an inch instead of ‘00026 as given by Fig. 7. 


In the case, however, of larger deformations a calculation based on the minimum creep rate would 
give a fairly accurate result for deformation. 


If more information were available and series of curves similar to Fig. 14 could be obtained for 
various stresses and values of total deformation then it would be possible over the whole range of tempera- 
tures and stress to estimate deformation with time. 


The question of deformation will again be referred to, under the heading of working stress, after the 
results of other investigators have been discussed. 


Figs. 15 and 16 represent results given by K. Baumann* and refer to 0°15 per cent. carbon steel used 
for steam piping. In presenting the curves for creep strength it was stated that they had been produced 
from data collected during eight to ten years and until more information was available they were to be 
regarded only as an intelligent anticipation of the creep properties. Comparing these results with those 
given in Fig. 12 obtained at the National Physical Laboratory it will be seen that Baumann’s results 
appear to give stress values which are too low. 


For the purpose of comparing Baumann’s results with those of other investigators, Fig. 17 has been 
plotted. The dotted curves have been replotted from Fig. 12, using extrapolated values where necessary. 


The authors have been informed by Mr. Baumann that the oT ae a given in Fig. 16 are rates 
after a test of about 5,000 hours, with an odd test of 8,500 hours. ferring to Fig. 7, it is apparent 
that after the tests carried out over a period of 5,000 bours the minimum creep rate will not have 
been obtained. On the other hand, the National Physical Laboratory results refer to minimum creep 
rates. ‘To make these curves strictly comparable, therefore, Baumann’s experiments would have to be 
prolonged until minimum rates were obtained, which would have resulted in moving his curves to the left. 


For design purposes K. Baumann has suggested the following creep rates, viz. :— 


(1) Bolt flanges... .»» 1 x 10% inch per inch per hour. 


(2) Turbine casing ... 1 x 10° “s . 
(8) Shrink fits ... eel KOLO ~ 7 
(4) Steam piping sso kL MLO = - 
(5) Water-tubes in boiler 1 x 107 + % 
(6) Superheater tubes ... 1 x 10° ‘ A 


It will be interesting to note later, that in spite of the differences in the values given for creep rates, 
corresponding to given conditions of temperature and stress, that the values obtained for permissible 
working stresses, using the above suggested rates and Baumann’s curves, are in fair agreement with 
working stresses suggested by other investigators. 

Results obtained by Bailey and Roberts, Inglis, and at the National Physical Laboratory are also 
included in Fig. 17. 

Bailey and Robert’s result has been taken from Fig. 7 and Dr. Inglis’s refers to tests on ‘2 per cent. 
carbon steel stressed at 6°5 tons per sq. in. and causing a steady rate of 10° in. per in. per day. The 
National Physical Laboratory results refer to their tests carried out on ‘89 carbon forged steel and the 
points represent the values given for the limiting creep stress, i.e., stresses giving creep rates of about 
4 x 107 in. per in. per hour. 


et RB ee rth ie BS 
*«“Future development of the Steam Cycle,” by K. Baumann. Vol. No. 5 1930. Proc. Inst. of Mech. Engineers. 
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In creep tests already mentioned considerable time is required for the determination of the creep 
rates and “so called” limiting creep stresses. Various methods of short-time creep tests have been 
suggested from time to time. Whilst it is impossible to obtain all information required for making use 
of material at high temperatures from such tests, they are useful for quickly sorting materials and for 
comparing the primitive creep characteristics with those of a material for which full information is 
available. 

In order to obtain results in a reasonable time experiments have been carried out at the Brown-Firth 
Research Laboratory by Dr. W. H. Hatfield. These experiments consist of determining what has been 
termed the “Time Yield” curves for a material. The authors are indebted to Dr. Hatfield who has given 
the following description of the definition ‘Time Yield,” viz. :— 

A to be the highest stress which would give a permanent set of 0°5 per cent. in 72 hours 
test and 

B the highest stress which, after 24 hours, gives in the next 48 hours a rate of extension not 
exceeding one millionth in. per in. per hour. 

The “ Time-Yield” would be A or B which ever stress is lower. 

From the definition of “Time Yield” it will be seen that the time required to carry out experiments 
to determine the quality of a material is very much less than that required in the case of long time creep 
tests. Ina paper, given before the West of Scotland Iron and Steel Institute entitled ‘The Reponse of 
Steels at Elevated ‘Temperatures,” Dr. Hatfield gave the time yield curves for mild steel, nickel steel, 
nickel-chrome-molybdenum steel, and for heat-resisting steel. It was suggested that mild steel may be 
stressed in service with safety to two-thirds the value of the loads stated for the “Time Yield.” On this 
suggestion the curves given in Fig. 18, have been plotted and it will be noted in the case of mild steel the 
values given by the curve are higher than those given by other investigators, this will be referred to later. 

The results given by curves in Fig. 12a refer to results obtained at the National Physical Laboratory*, 
and were obtained under similar testing conditions as those given by Fig. 12. 


DESIGN STRESSES. 


Stresses suitable at elevated temperatures should be chosen on the following bases. 
(1) To provide a suitable factor of safety against complete failure (i.e., rupture). 
(2) To provide a satisfactory margin of safety against increase of temperature above the 
proposed temperature for the installation. 
(3) The amount of deformation with time should not exceed that permissible from practical 
considerations. 
(4) To provide a suitable allowance for corrosion. 

With regard to (1) above, it has been suggested by Tapsell that one third the limiting creep stresst 
should be taken as a suitable value of working stress. A factor of three on a stress giving long life 
appears to compare favourably with the usual factor of four on the ultimate strength as used in boiler 
practice. It is considered that such a factor is suitable to provide against (1). 

In the case of (2) it appears that it cannot be too strongly emphasised how important temperature 
control becomes at elevated temperatures. Although design stresses based on one third the limiting creep 
stresst do allow temperature margins against complete failure, the effect of creep would undoubtedly 
become serious at higher temperatures. It is considered therefore that the design stess should in every 
case be based on the highest temperature which can occur, taking into account means of temperature 
control. 

In regard to (3) it has been shown that in the case of a stress of 4 tons per sq. in. and a temperature 
of 752° F., the total deformation in eleven years will not exceed twice the elastic strain usual in boiler 
practice, viz., "00052. 

Tt is considered that until further information is available, similar to that given by Fig. 14, it will 
be safe to base deformations on a stress of 4 tons per sq. in. ab 752° F., and on values given by Tapsell 
for the limiting creep stress of medium carbon steel, viz. :— 


. Limiting creep stress at 850° F. 
Stress at'650° fe ee oe Eee ee 
Limiting creep stress at 752° F. 

= 2°3 tons. 


x 4 


*Dept. of Scientific and Industrial Research. Special Rept. No. 17. 
+ One third the stress for long life, giving a creep rate of 4 x 10-7 in. per in. per hour after about 40 days. 
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It is thought by the authors that stresses so derived will give deformations of the same order as a 
stress of 4 tons at 752° F. 

Timoshenko* supports this method in the following statement. ‘*We have sufficient service data for 
750° F. When going to higher temperatures, the working stresses should be lowered in proportion as 
given by creep test experiments. We know, for instance, from tensile creep tests of carbon steel, that if 
the temperature is increased from 750° F. to 850° F., the stress should be lowered to 60 per cent. of the 
previous value in order to keep the creep rate unchanged.” 

Making use of the above statement, a suitable stress at 850° F., based on 4 tons at 750° F., 
would be 


3°97 x °6 = 2°38 tons. 


This corresponds well with the figure of 2°3 tons given above. 

Fig. 19 gives working stresses suggested by various investigators together with the values of stress 
given by Baumann for a creep rate corresponding to 107 inch per inch per hour. 

Stresses given by Dr. Hatfield, appear high compared to those of other investigators, whilst those 
based on 4 tons per sq. in. at 750° F. give the lowest values. The authors believe that where deformation 
is not important, one-third the limiting creep stress (Tapsell) gives suitable values of working stress. 

In cases, however, where deformations after about eleven years are required to be of the order of 
twice the elastic strain at 7 tons per sq. in. at room temperatures, then the lower values based on Bailey's 
results should be used. As mentioned previously, these stresses should be based on the highest temperature 
anticipated for an installation. 

ith regard to rivetted vessels it is considered that the values of working stress should be based on 
4 tons at 750° F., it is thought that in these circumstances the resulting deformation would not be sufficient 
to cause leakage at the seams. In the case, however, of seamless vessels, tubes and pipes, the higher values 
of working stress obtained by Tapsell’s results may be used. 

The importance of the condition of mild steel has already been referred to and the proposed values of 
working stress refer to normalized or fully annealed steel. It is considered that with the information given 
on spheroidisation suitable allowance can be made where necessary. 

Fig. 20 indicates the importance of temperature control, curve 1 is based on one-third the limiting 
creep stress for medium carbon steel (National Physical Laboratory results). Curves 2, 3 and 4 would 


give suitable values of working stress where the means of temperature control is limited to 50° F., 100° F. 
and 150° F. respectively. 


ALLOY STEELS. 


In dealing with alloy steels for high temperature work, it may be stated that such materials should 
possess as far as possible the following qualities. 
(1) High resistance to creep. 
(2) Ability to withstand corrosion attack, or scaling. 
(8) Should resist the embrittling action of cycles of stress and temperature. 
(4) Must be capable of being worked and welded in a similar fashion to mild steel. 
(5) Use should justify the extra cost. 


It is known that small differences in the constituents of alloy steels may radically effect the above 
mentioned qualities. Further, the thermal treatment has a decided effect. The difficulty, therefore, of 
attempting to deal with such steels in one paper will be appreciated. 

ith reference to (8) above, it should be explained that, in considering the value of a material the 
tendency for intercrystalline cracks to develop should be ascertained. Such failure would change the 
apparent life of the material as indicated by short time creep tests. 

As a general indication of the behaviour of alloy steels, the following information has been taken from 
a paper* given by R. W. Bailey, J. H. 8. Dickenson, N. P. Inglis and J. L. Pearson. 

It has been found that the creep properties of nickel chromium steel containing 3 per cent. to 3°5 per 
cent. nickel and approximately 1 per cent. chromium are little superior, if any, to good quality mild steel 
at temperatures ranging from 750° F. to 930° F. The percentage of nickel in such alloys can be reduced 
without effecting the properties appreciably. 


* “The Trend of Progress in Great Britain on the Engineering Use of Metals at Elevated Temperatures.” From 
Symposium on Effect of Temperature on Metals, 
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In the range of low alloy steels Chromium-Vanadium, having 1 per cent. chromium and 0°25 per cent. 
vanadium, have been found to be very satisfactory up to 750° F., beyond this temperature it is stated that 
the strength drops off very rapidly. 

Nickel-chromium-molybdenum steel having the composition of 2°5 per cent. nickel, 0°7 per cent. 
chromium and 0°3 per cent. molybdenum has excellent properties up to 980° F. For higher temperatures, 
the creep resistance falls rapidly. It appears that the addition of molybdenum up to 0-4 per cent., without 
nickel or chromium, very greatly improves the quality of steel in the temperature range of 750° F. to 
930° F, Further, it is stated that such a steel presents no special manufacturing difficulties. 


It has been pointed out that the addition of nickel does not appear beneficial for high temperature 
work, on the other hand, it has been found that the chromium content definitely improves the quality of 
the material from the point of view of creep resistance. When the chromium content reaches 12 per cent. 
and upwards the “martensitic stainless” class of steel, which provides high resistance to both corrosion 
and creep, is reached. 


The austenitic stainless class of steel containing a combined nickel and chromium content between 20 
and 30 per cent. have been found to possess sufficiently good creep resisting properties up to 1100°F. and 
they will algo resist oxidation at temperatures up to 1650°F. The disadvantage of high-nickel high- 
chromium steels appears to be the tendency for intercrystalline cracking in the range of 930°F. to 
1650°F., the addition of tungsten tends to reduce the liability to such cracking. 


Many steels have been used for exhaust valves in aircraft engines including tungsten of the high- 
speed steel type, silicon-chromium steels and cobalt chromium, but there has lately been a tendency on the 
part of British constructors to use austenitic nickel chromium steels. 


Steel firms have tackled the problem of providing suitable materials for high temperature work, and 
it is thought that the following information will serve to indicate what has been achieved in this 
direction. 


An alloy steel has been recently introduced by Messrs. Hadfield, Ld., and is known as “ Era 131.” 
The authors are indebted to the firm for the following information regarding this material. Stated 
briefly, “Era 131” steel is a molybdenum-copper-chromium steel which, while maintaining a high 
strength at temperatures between 750° F. and 1100° F., has practically the same mechanical characteristics 
as mild steel at ordinary temperatures. The high resistance to creep of this material, as compared with 
mild steel, is shown by Fig. 21 and Fig. 22. It will be noted that the stresses given refer to a creep rate 
of one-thousandth of 1 per cent. per hour, or 10° inch per inch per hour. The curves for “Era 131” 
refer to; the normalized condition and the creep rate to the rate of extension after the stress had been 
applied for about 200 hours. 


TABLE 3. 


Tensile tests carried out in the ordinary way, that is, at normal rate of loading, give results as follows :— 


ForGED MATERIAL—}-IN. DIAMETER BARS. 


- Propor- . ; Elonga- | Reduction 
é Previous Heat Temp. ee *Yield |Maximum ng 

Materials. ° tional A tion of Area 

e Treatment. F, Limit. | Point. Stress. ser Ontitaliatie dale. 
“Era 131” ate Normalized 840 85 18 | 35:7 | 26:0 65°4 
“Era 131” .... Quenched and tempered! 840 22°0 29 410 18°0 58°3 
Mild Steel Su ee : 7 15 32°9 22°5 65°0 

78% Mn.) © Normalized 840 6°8 2 22°5 | 

“Era 131 ”"—Cast) + * c # 14 97 35° 5O:7 
Mitorial { Normalized 900 6°0 27°0 50 | ~ 59°7 


Rate of Loading, 10 seconds per ton. *0°5 per cent. Permanent extension. 
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This alloy steel may also be used for castings, and Table 3 gives results of ordinary tensile tests. It 
is claimed for this material that as regards coefficient of expansion, forging, drawing, machining and 
weldability, that the properties approximate closely to those of mild steel. As regards suitable working 
stresses, it is stated that a creep rate of 10° inch per inch per hour would be produced, by approximately 
half the stress given by Fig. 21, for a particular temperature. It will be noted that taking half the 
stress value for mild steel, as given by Fig. 21, the values of stress so obtained would be in excess of the 
values already suggested for carbon steels. It is therefore probable that the stress values for a creep rate 
of 10° inch per inch per hour of ‘Era 131” are relatively high for working stresses. 

It will be apparent that the creep and other data regarding thermal effect, etc., for this steel is 
incomplete, but the comparisons drawn with mild steel may serve as a useful guide for the determination 
of safe stresses. 

The authors are indebted to Messrs. Colvilles, Ld., for the following information regarding a special 
material known as “Colmo” steel. This alloy steel contains molybdenum, but the full analysis is not 
published. 


(1) Lona Time Creer Tesr Resunts :— 
Normalized at 1617° F. 
Temperature of test Ba 842° F. 932° F. 
Stress on test piece att 49 tons per sq. in. 3°0 tons per sq. in. 


Creep rate at end of i “ F : é 
test (1,000 hours) ... 5:0 x 10° strain per hour. 50 x 10° strain per hour. 


Total permanent extension  °00019 inch per inch. 00020 inch per inch. 


(2) EmprirrLement Test RESULTS :— 

The test pieces were heated free from stress at 842° F. in a wire wound electric resistance furnace 
under thermostatic control, the temperature variation being not more than 2°5°C. The test pieces had 
been normalized at 1617° F. 


Impact ft. lbs. Average. 
Tnitial condition ie w8 — wee «as | 790805180 79 
After 174 hours at 842°F. ... ine di oct 70 Tiel 74 
Yee ” moi oe : so. 029, 970,183 79 
erties OOOR 8 m as - ite <0) 19057905085 88 


(3) Micro examination of the test pieces did not reveal any structural change. 


(4) SHort TrmE TENSILE Tests—CoLMo AND MILD STEEL :— 
Normal rate of strain. 


Temperature. Max. Stress. Elongation. Reduction of area. 
Mild steel ... a 752° E 26°4 tons per sq. in. 340 67°6 
Colmo rf Pre a 29°6 aa 35°0 57°0 
Mild steel ... me 932° F. 188 a 39°0 75°8 
Colmo ge + = 26°2 35:0 615 
Mild steel ... i aldwel LESS. 12°6 a 47°0 83°5 
Colmo re - a 16°1 “ 38°0 78°8 
Wit Rare or Strain 0°05 IN. PER MIN. ON 2 INS. 
Mild steel ... ete + 1022° F. 10°9 tons per sq. in. 
Colmo ai eee aa 1022° F. 18°2 a 
With Rave oF Stratn *001 IN. PER MIN. ON 2 INS. 
Mild'steel ... ay Bie 1022° F. 7-9 tons per sq, in. 
Colmo or a oe 1022° F. 13°4 - 
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(5) Short Time Creep Test (Barr & Bardgett method *) gives the following creep stress values :— 


Temperature... Ay tad iy 842° F. 932° F. 
Mild steel... 3°8 tons per sq. in. 2-4 tons per sq. in. 1-0 tons per sq. in. 
Colmo oo 4:5 oe 51 as 32 ” 


Thermal Treatment : Mild steel furnace cooled at 1635° F.; Colmo furnace cooled at 1617° F. 


It appears that the following conclusions may be drawn from the above results, viz. :— 


The long time creep tests indicate that at 840° F. and a stress of 4°9 tons per sq. in., the permanent 
deformation will certainly not exceed 0°00065 inch per inch after 10,000 hours, and it will most probably 
be very near the deformation produced in mild steel stressed at 4 tons per sq. in. ab 752° F. for the same 
period. 

The results of the short time creep tests indicate that ‘‘Colmo” steel offers twice the resistance to 
creep as compared to mild steel in the temperature range 752° F. to 840° F. and is three times as strong 
at 932° F. 


There is not space here to describe the Barr and Bardgett method of short time creep test but it 
might be stated that creep limits so obtained correspond closely with suitable values of working stresses 
derived from long time creep tests. 


It wouid be interesting to have results of embrittlement tests of this material after being subjected 
to a temperature of 932° F., but the firm state they have not yet carried out such tests. 


Special steels for boiler and superheater tubes have been produced in Germany by Vereinigte 
Stahlwerke Dusseldorf and the authors are indebted to Mr. W. Hamilton Martin of the Steel Union 
Trading Co. of Great Britain for the information below relating to these steels. 


Tt will be appreciated that the requirements of a suitable material will be toughness, ductility and 
weldability, and thus for moderate temperature work soft mild steel of 22-29 tons per sq. in. tensile 
strength and at least 20 per cent. elongation is employed. The further requirement of steels at elevated 
temperatures will be high creep resistance. 


The special tube steel made by the above firm known as “TH 30” has the following chemical 
analysis :-— 
0°10 per cent. C. 0°33 Mn. 0°22 Cu. 0°23 Mo. 


The following are results of tests carried out by Professor F. C. Lea of Sheffield University. 


AB a 9 “a ae of 68 | 212 | 392 | 482 
Ultimate tensile tons per sq. in. 
(short time test) ... MH 
Limiting creep stress, tons per 
Sq. in: (long. time;test)’  iss|| -sem |i con |iecen Hegess Juco. IL) | 2o:5 | oro 


26 | 245! 30°6| 31:2 


] | 
572 | 662 | 752 | 842 | 982 | 1022 His 
29°5 | 25°4) 21°9] 18°4 
| 


Yield point (short time test)...) 174) 18 | 138 | 12%) 11 | 115) 10 96| 89) 7 55 


As regards tests at room temperatures “TH 30” gives the following properties :— 


Tensile strength ... ++» 24 to 29 tons per sq. in. 
Minimum yield point se to ¥ 
Minimum elongation a 20 per cent. 


Fig. 23 gives the notch impact test results (Charpy Test) for “TH 30” stee] determined in the 
normalized and in the artificially aged condition. 


The dimension of the impact test piece was 10 x 10 x 54 mm. Section of impact 10 x 7 mm. with 
rounded notch. Analysis :— 


071 C. 0°58 Mn. 0°13 Si. 0°20 Cu. 0°32 Mo. 


* Inst. Mech. Engineers. Proc. 1932. 
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This firm also produces a similar steel known as ‘TH 31” having a higher resistance to creep and the 
following results were also obtained by Professor Lea under similar test conditions. 
This material had the following analysis :— 


0°13 C. 0°75 Mn. 0°18 Cu. 0°35 Mo. 
| | 
i) Cake ei Ai pi «| 68 | 212 | 392 | 482 | 572 662 | 752 | 842 | 982 | 1022) 1112 
Ultimate tensile Cee $251) 29°6 1" (29 34 87} 35 | 32°4| 29°5| 26°4] 23 19 155 


Limiting creep stress... aA art | ee Petes tase] tae PLT) ae OT 20 75) 5 | 8 
| 


This steel at room temperatures gives a strength of 28-34 tons per sq. in. and minimum elongation of 
18 per cent. As regards impact test values it is stated that these lie about 2 M. kg. per cm? lower than 
STH 30.7 

Fig. 24 gives the limiting creep stress curve obtained at the National Physical Laboratory* for a 
high nickel-high chromium steel. 

These tests were carried out on forged material finished at a temperature of about 1742° F.; the 
chemical composition was given as follows :— 

0460. 1:208i. 1:09Mn. 265 Ni. 140Cr. 3:59 W. 00288. 0°026 P. 

Curve 2 has been plotted taking one-third of the limiting creep stress obtained by the usual practice 
at the National Physical Laboratory, and the high resistance to creep as compared with mild steel will be 
noted. It appears that intercrystalline cracking developed slightly in this material at a temperature of 
1290° F. and to a more marked extent at 1470° F. 

Reference has not been made here to many other alloy steels which have been produced specially to 
resist scaling and chemical attack by acids and gases at high temperatures. The use of such materials is, 
of course, confined principally to chemical processes. 

As regards exact creep data for alloy steels the information at present available is very incomplete 
and, as mentioned at the beginning of this paper, it is thought that this may form the subject matter for 
a further paper. 


FATIGUE PROPERTIES OF MILD STEEL AT ELEVATED TEMPERATURES. 


Most of the published results (see reference on page 21) of investigations made on the fatigue of 
materials at high temperatures refer to tests carried out under conditions of reversed stress (i.e., with zero 
mean stress). Interesting information, however, concerning the effect on the fatigue range of a variation 
of the mean stress in a tensile direction, is given by Tapsellt in a paper published in the Journal of the 
Iron and Steel Institute. 

It will be apparent that the speed at which fatigue tests are generally run, viz., 1,500 to 2,500 cycles 
per minute, corresponds to a much more rapid loading and unloading than is possible in a static test. In 
the case of ordinary static tests at elevated temperatures, it has already been pointed out that the speed of 
testing has a marked effect on the value obtained for the ultimate strength. Results of experiments 
indicate that the speed of applying cycles of stress in fatigue testing has a similar effect on the values 
obtained for fatigue limits. Further, it is found that limits based on 107 cycles do not necessarily give 
true limits for mild steel with zero mean stress, as is the case when testing at room temperatures. It 
appears that a greater number of cycles are necessary for the effects of creep, strain hardening and thermal 
action to develop. In the case of completely reversed stress (tensile and compressive stress) it is evident 
that the effect of creep will not become apparent at high speeds of testing. On the other hand, it is 
probable that the condition of the material will change, the rate of change depending on the frequency of 
the stress cycles and on the temperature of the material. It will be shown by inspection of the results 
given in this paper that the fatigue strength follows the form of the ultimate strength curve, and it is 
therefore possible that strain hardening, temperature hardening, and temperature softening affect the 
results obtained. 


; Reg of Scientific and Industrial Research, Special Report No. 15. H.ML.S.0. 
ef. (j). 
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Mention has already been made of experiments carried out by Tapsell* in which the mean stress was 
varied. These experiments were carried out on 0°17 carbon steel (normalised), the material being the 
same as that for which creep test results are given in Fig. 6. An interesting comparison between the 
static, creep and fatigue tests of this steel can therefore be made. 


The tests were carried out in a Haigh testing machine running at 2,400 cycles per minute, and a 
basis of 107 alternations was adopted for comparison purposes. It has already been pointed out that such 
a number may not give the actual fatigue values at elevated temperatures. Experiments were ran with 
three values of mean stress ; if R,, be the range for zero mean stress the three values of mean stress chosen 
were :— 


(1) Mean stress = O 
R 


Boas sin er 
(3) ” — Rn 


Figs. 25, 26 and 27 represent the fatigue limits based on 10’ cycles plotted vertically against a base 
of mean stress. Information has also heen added from Fig. 6 which, as mentioned above, represents tests 
on the same material. 


It will be seen that large ranges of stress can be applied at all temperatures even in the cases where 
the mean stress is high. It is apparent that at the higher temperatures, where the limiting creep stress 
is well below the ultimate strength, the 10’ cycles of stress have been carried out before failure by creep 
had time to take place. 


TABLE 4. 
Favi@UE OF 0°17 PER Cent. C. Steen av HiaH TeMPERATURES. 


fr ° Estimated Fatigue Limit Based on eed , ‘ 
Temperature ~ PF. 107 Oycles, Tons per sq. inch. Limiting Creep Stress. 
| = aaa oe an ee ee eee spss, 
; O+ 12% 
Air Temp. 11 + 11 (0 to 22) — 
22 + 7°5 (14°5 to 29-5) 
O + 12°3 
212? EF. 10°5 + 10°S (0 to 21-0) aa 
21 + 8 (13 to 29) 
| + 12°83 
392° F 11° + 11°5 (0 to 23) —— 
23 + 11 (12 to 34) 
+ 16 
572° F 15 + 15 (0 to 30) 26 tons per sq. in. 
130 + 8 (22 to 88) 
+ 16°58 
752° F. 13 + 13 (0 to 26) 14°5 tons per sq. in. 
{24 + 6 (18 to 30) 
+ 117 
932° F. 8°5 + 8°5 (0 to 17) 4 to 5 tons per sq. in. 
t14 + 6 (8 to 20) 
* Ref. (j) 


if Continual adjustment of machine due to creep occurring—failure mainly by fatigue. 
T Tensile or creep fractures. 
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In Table 4, the estimated fatigue limits based on 10’ cycles are given, it will be noted that at high 
temperatures, tensile or creep failures sometimes occurred without signs of fatigue. Reference to Fig. 6 
will indicate that failure would have occurred eventually in these cases had no range of stress been 
applied, but purely as a result of creep due to the mean stress. Is should be remembered that the period 
of the fatigue test corresponded to a test duration of about 69 hours, a period which would not be 
regarded as long in creep testing. 


With reference to the tests carried out at air temperature, 212°F and 392°F, it will be seen that if no 
appreciable permanent deformation is to occur, then the superior limit of stress must not exceed the yield 
point. That is, if the mean stress is equal to the yield stress then the practical fatigue limit must be zero. 
[t follows that a line CD (Fig. 25) can be drawn such that the tangent of the angle BCD=2 and the area 
ABCDE so obtained includes all the practical fatigue limits which can be read off as the vertical 
intercepts of this area for any particular value of mean stress. In using such a diagram in practice a 
suitable factor of safety would be used, and this would prevent failure by fatigue for low mean stresses, 
and would also provide against deformation for higher values of mean stress. 


In Fig. 27, the limiting creep stress value has been substituted for the yield point, and the line BC 
has been drawn as before. This figure indicates that the limiting creep stress is the criterion of strength 
rather than fatigue results based on 10’ cycles of stress. 


Further, it would be noted that the mean stress in Fig. 27 may exceed the values given for the 
limiting creep stresses. In these circumstances, it appears evident that failure would eventually occur ; 
moreover, the number of cycles before fracture would depend to a great extent upon the speed of the 
application of the stress cycles. 


These experiments indicate that in co-relating so called creep limits with fatigue test results, time is 
a governing factor in any comparison. 

It is probable that if a range of stress be applied, and the superior stress, at a particular temperature, 
be equal to the limiting creep stress for long life (as obtained by the National Physical Laboratory 
practice) then the life of the steel under these conditions of varying stress might be expected to be con- 
siderably greater than that of the same steel subjected to a steady stress equal to that of the limiting creep 
stress. 

If this be the case, it appears that for the purpose of design at high temperatures under varying 
conditions of stress, the superior limits of stress might safely be based on creep test results. 


Such stresses may be chosen on a basis of deformation with time and the mean value of stress, or 
simply by using limiting creep stresses in conjunction with a suitable factor of safety. It is thought that 
sufficient information has already been given regarding working stresses for steady loads to enable suitable 
stresses for varying loads to be obtained. 

Fig. 28 shows Tapsell’s results with the range of stress plotted vertically against a base of temperature. 

Fig. 29 gives results of experiments on a carbon steel; beginning in 1927, four reports* have been 
published, in the Proceedings of the American Society for Testing Materials, relative to the properties of 
‘17 C. steel as shown by short time tension, long time tension and fatigue tests at elevated temperatures. 

The material has the following chemical composition :— 

“1.7 0. “42 Mn. 012 P. 035 8. 
and was rolled to one-inch rounds, heated from 1650° F. to 1700° F. for one hour, and air cooled. 

Moore and Alleman state that no clearly defined endurance limit was obtained at 800° F. to 1200° F., 
although some tests were run to 43,000,000 cycles of stress. Further, it appears impossible to say how 
low the endurance curve may fall if tests are further prolonged. A comparison with the endurance limits 
published by Wibergt and Tapsell} is interesting ; Wiberg’s tests were made on a 0°15 per cent. carbon 
steel normalised at 1688° F. 

These results all show that a rapid falling off of fatigue strength occurs at about 750° F. Further, 
comparison with creep test results indicates that the superior limit of stress, in the case of materials 
subjected to varying stress cycles, need not be less than the working stress suggested for mild steel at 
temperatures above 750° F. 


These stresses would be given in Fig. 19 by the curve based on four tons per square inch at 750° F. 
* Ref. (e), (7), GY), @). T Ref, (4). { Ref, ()). 
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CONCLUSION. 
In conclusion, the authors hope that they have presented sufficient information to convey what they 
regard as important features respecting the properties of steel at elevated temperatures. 


It appears that where ordinary mild steel is employed the working stresses should be reduced at 
temperatures above 650° F., and at 850° F. its value as an engineering material falls off to a great extent. 

As regards thermal treatment it has been indicated that effective normalizing or annealing increases 
the creep resistance. 

The limitations of mild steel have resulted in re turning to heat resisting alloy steels where 
increased efficiency and maintenance can justify their first cost. The use of such steels raises the question 
of what precautions are necessary to ensure that materials will be suitable in service. It is apparent that 
the usual tests at room temperatures give practically no indication as to the properties at elevated 
temperatures. 

Further, the effect of thermal treatment en such steels should be known so that the material may be 
put into service in the most suitable condition, having regard to the requirements mentioned in this 
paper. 

Chemical composition is, of course, of the utmost importance if the suitability of a material for high 
temperature is to be gauged. 

Generally, therefore, steels required for high temperature service should be specified in composition 
and thermal treatment, and the physical tests should be sufficient to demonstrate, as far as possible, that 
the material is sound and free from defects. 


ERRATA. 


(1) Referring to Fig. 13 the note “ Fig. 21” against the curve for ‘3 C. Cast Steel should have 
been omitted. 


(2) Referring to Fig 17, the points marked X should have been placed as follows :— 
(a) For 750° F., Stress = 13 tons. 
(+) ,, 800°F. ,, =114,, 
() , 90°F , = 78,, 


0 20 40 60 80 100 +120 
Time—hours 


140 160 180 200 


Fie. 1.—Emprittuina Errect oF High TRMPERATURE ON STEEL 
SuBJECT TO STRESS. 


3 per cent, nickel steel; stress, 8 tons per sq. in.; temperature, 400° C, 


X 800 dia. X 800 dia. 
(a) Normalized. (6) Normalized and spheroidised 
in 2,000 hours at 500° C. 


Fig. 2.—SPHEROIDISATION OF 0°9 PER CENT. CARBON STEEL. 
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Fig. 3. 


A. 0-9 per cent. carbon—rolled and normalized Ea 

B. 0°3 perjcent. carbon—cast and annealed Fa | Superheater 
Ca. 0°15 per cent. carbon—rolled and annealed Ha Tubes— 
Cn. 0°15 per cent. carbon—rolled and normalized Ia annealed, 
D. 0:4 per cent. carbon—forged and normalized Ja 
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Fie. 4.—B. 0°3 PER CENT. CARBON—ForGED, NORMALIZED, AND COLD-ROLLED. 


The times are as follows :-— Time for complete 
Condition and treatment. spheroidisation at 
675°.C., hours. 
1, Cast and annealed (as received) re vs a cw 609 
2. Normalized at 900° C. 4 a ms ae 65 
3. Forged and normalized at 900°C... ae me vn 65 
4, Forged, normalized, and cold-rolled . = te 1:25 
5. Forged, normalized, cold-rolled, and normalized 45 sae 65 


Reduction in Temperature—‘F. 


Carbon—per cent. 


Fig. 5.—EFrEcTt UPON TEMPERATURE (FOR THE SAME CREEP RATE) 
oF CARBIDE SPHEROIDISATION IN NORMALIZED CARBON STEEL. 


oog/ 


"9 “Olg 
“LIZH NJLHU J SII82I/f a3 BUOLYYIdWI J 


norte Oot ooo 006 cog O04 009 00s 0or ooc 002 oot 


‘KLITUNOILROAOSY 
JO LIE] 


2a 


smog AIIM: 


“SSMS JIN 
SMILIWT 


= 


{ 


(4994 Iwi - L4ONS ) SSIBLG JLYWILT() 


“WILS NOdaY 7) INF? 434 Z$-OD TISIIUWAON) 


PS 


0+ 


HON] 38unoS wId SNOL ~ $$48sC 


on Specimen (Strain). 


Se SD ST 


2,000 
Duration of Test—hours. 


Fig. 7.—0°4 PER CENT. CARBON STEEL, NORMALIZED. 


ROM SOS> 


Temperature, 752° F.; stress, 4 tons per sq. in. 


Shut down 114 hours. 

Shut down 53 hours 

Shut down 72 hours. 

Shut down 77 hours. 

Shut down 120 hours. 

Shut down 4 hours, 

Shut down 70 hours. 
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hardening is small. 
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Nore: The limiting creep stress curve for 0°3 Carbon Cast Steel gives results for the same material as 
referred to in Fig. 124. 
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DISCUSSION ON Messrs. G. H. FORSYTH & C. W. REED’S PAPER 


ON 


BEHAVIOUR OF STEEL AT ELEVATED 
TEMPERATURES. 


THE PRESIDENT. 


OpENING RemMARKS.—Well, Gentlemen, I feel sure that we are all in agreement on one thing 
to-night, and that is that both the writers of this paper have indeed put in a great deal of work in 
collecting all the necessary details of their subject. 


Speaking as one that has had some experience of writing papers, I know that very often little points, 
which perhaps may only be indicated by an asterisk mark in the finished work, may entail a lot of time 
in searching up in order to pick out the essential note that is required. I am sure we are very thankful 
indeed to the writers for the very interesting amount of information given to us, which, although perhaps 
some members of this Association may think is not altogether useful to them in their own particular line 
of business, does, however, have some scientific interest in giving us some knowledge of the behaviour of 
materials at elevated temperatures. 


I intend to join in the discussion shortly, and so I do not wish to say anything further regarding the 
paper just yet. I have several points, however, to raise, but I should first like other members to give us 
some contribution to the discussion. 


I can only say now that there is a lot of work here, and it takes some time to pick out various points 
for discussion, but I do not want anybody to be frightened by the mass attack this paper makes of the 
subject. The paper contains a lot of information, but that does not necessarily say that there are not one 
or two points on which you may want a little further enlightenment. I therefore hope that you will not 
be over-awed by the paper but will join heartily in the discussion. 


W. THomson. 


Mr. President, this paper deals with a subject which does not come within the purview of the naval 
architect, but I have read it with much interest and profit. 


The naval architect as a general rule does not deal with materials in the state of temperature and 
stress referred to in the paper, but in the course of my investigations recently with regard to electric 
welding, I have come across one claim which strikes me as possibly being worthy of comment here to-night. 
An ordinary test piece was prepared with a transverse butt weld in the centre, and tested at various 
temperatures. At the normal temperature the strength was 28 tons per sq. in. with elongation of 22 per 
cent. At 900° C. the elongation was still about 22 per cent. but the ultimate strength had dropped to 
about four tons per sq. in. 


The owners of this particular system of welding claimed that this high elongation at 900° C. shows 
that the weld can be worked at this temperature, and further that welded joints can be forged under a 
steam hammer. Possibly the authors can tell us which is the more important factor if one is going to 
weld at a high temperature. Is it essential to have ductility ? and does the strength matter at all? It 
seems to be, though, that by the time the strength gets down to four tons per sq. in. it is not fit for 
welding, but I would like a little enlightenment on this point. 
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A. Ewrna. 


Firstly, I must congratulate the authors for giving us a paper which becomes more and more 
important as higher temperature steam is coming into more general use. It is a common thing when 
overhauling turbines using high pressure and superheated steam to find that the joint bolts have become 
very brittle. 


If the same embrittlement is taking place in the joint bolts of main steam pipes it makes one 
shudder to think what would happen if we had a complete failure of a joint, releasing steam at 750° F. 
and at a high pressure! Fortunately, no rule seems to apply to the life of these bolts. Each bolt is a 
law unto itself ; some stand up to the work while others fail and give warning. 


Although it is contended that stress on the material during periods of elevated temperature has little 
bearing on the embrittlement, the failure of bolts in service seem to indicate that it has. 


The stress put on bolts is an unknown quantity and depends on accessibility for hardening up, 
lubrication of thread and nut face, etc., so that, although the bolts are all the same material, some are set 
up harder and become embrittled earlier. 


Turbine casing bolts are frequently made hollow, and the bolts are heated by playing a flame 
through their centre before hardening up. This appears to be harsh treatment for steel which has 
already been heat treated. 


The table at the bottom of page 6 indicates that the time required for complete spheroidisation at 
800° I. would not interest most of us, but at 1000° F. the time is only 4,500 hours. 


No doubt steels will be produced to stand up to high temperatures, but how is the surveyor engaged 
on repair work to know that suitable materials are being used. 


We may have, at some future time, to prevail upon the authors to write another paper to help 
outport surveyors to make the correct replies to classing letters ve suitability of materials used. 


C. Macpnerson. 


Mr. President and Gentlemen.—First of all I would like to add a few words to what our President 
has said about the amount of work entailed in this paper. 


It must have been tremendous, as it is evident that such a complete survey of the subject under 
review would be impossible without much reading and thought. It is not so much a case of finding 
sufficient matter for the paper, as of condensing the vast amount of information available into the limited 
space at the authors’ disposal. 


I think that they deserve our thanks for putting so much information before us in such concise form, 
but it. will be realised that the very brevity of the paper leaves several points on which further 
information is desirable. 


There is one point which I am very glad the authors have stressed, and that is the importance of the 
time element in all these tests. Several cases, important from the surveyor’s point of view, have arisen in 
which claims have been made for various kinds of materials proposed for use with high temperatures, and 
the results of tests have been put forward to substantiate these claims. 


It is very often found that these tests show that a more or less slow rate of deterioration of the 
material is still in progress, and a stable condition has not been attained. That is, the time factor has 
not been sufticient to enable a proper estimate to be made of the suitability of the material for the 
working conditions. 


It will thus be seen that papers of this type should be a regular feature of our Staff Association, to 
enable a review of the latest long time tests, to be put before the Staff from time to time. 


Referring to Fig. 7, there is rather an interesting side to this diagram, and that is that these tests 
were interrupted for various periods stated below the diagram. Were those interruptions, both as regards 
stress and temperature, or were they only interrupted with regard to one, while the other condition was 
maintained ? 
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It would be interesting if the authors could give any information regarding the effects on the 
material of superheater tubes (as an example), of a prolonged period out of service. Would the creep 
rate be high for a short time after being put back into service or would the rate be continued as indicated 
after the interruptions indicated in Fig. 7 ? 


With regard to “creep,” the authors state (page 7) that “. . . the time before rupture would occur 
would be so long that it becomes outside the limit of practical experiment to obtain results.” 


Does this mean that the authors consider “short-time” tests should be taken as an indication of 
what might be expected from a particular material in service ? If this is so, perhaps they would consider 
whether an approximate relationship between “short-time” and “long-time” tests could not be expressed. 


During the last few years the application of oxy-acetylene and electric welding for various pressure 
vessels has become wider, and it has been used in the construction of high pressure boilers, both on the 
continent and in the United States. Further, it appears that the United States Navy have accepted 
welded boilers, and it becomes a matter of prime importance to determine the behaviour of the deposited 
metal on welded joints of vessels for use at elevated temperatures and high pressures. 


lt would add considerably to the value of this paper if the authors could include some information 
in this direction, indicating the most suitable electrodes for this class of work. 


Dr. 8. F. Dorry. 


I will now endeavour to pass some remarks on the paper. 


The first thing I propose to mention is on page 2, where in the paragraph under the table of 
temperatures it says ‘* There is fair agreement among investigators that many steels which have become 
embrittled show no change in microstructure as compared with their previous tough condition.” [am not 
altogether satisfied with that statement, and I would like the author to say quite definitely which steels 
show no change in microstructure. 


Then on page 5 we read that it is impossible to decide whether a special bolt material will be 
suitable in service “ af a particular temperature.” 1 think the authors should be more definite and give 
information as to what they regard as suitable materials for various temperatures and why. 


At the bottom of this page we get a paragraph about “ perlite.” I am sorry, but the authors have 
used a word which really has no value in the sense in which it has been used here. The word, of course, 
should be “ pearlite.” ‘They go on to say that “ pearlite in the lamellar state is made up of bands of 
ferrite and iron carbide. Accordingly the proportion of pearlite will increase with the carbon content.” 
Why “accordingly?” Because pearlite is made up of these alternate bands, why should it accordingly 
increase with the carbon content. 


The authors also state that Fig. 2 (a) gives the structure of such a steel with the pearlite in the 
lamellar state, in lower carbon steel the structure may consist of ferrite and pearlite grains.” This, I 
think, needs explanation. Lower carbon steels are usually made up of ferrite and pearlite, so why should 
the authors say that the structures may consist of ferrite and pearlite. 


Then follows the statement :—* It has been found that on heating carbon steels for a long period at 
temperatures below the lower critical AC1, viz.:-- 700° C. in carbon steels, the structure of the pearlite is 
changed.” What are these temperatures ? 32° is below 700°, and every temperature lower than 700° C. 
might be considered applicable, and so I think this statement wants qualifying. 


The authors then go on to say that “in this condition the resistance to creep has been greatly reduced, 
and it may be mentioned that evidence of spheroidisation has been found in superheater tubes where the 
means of temperature control has been limited.” What is meant by that expression “the means of temper- 
ature control has been limited.” I should have thought that the temperature had not been limited or rather 
that the steam flow had not been properly regulated. 


Lower down the page we get “The formula indicated, connecting carbide spheroidisation by a 
mathematical law appears ambitious on the part of these investigators.” Why say these investigators are 
ambitious ? These people, I may say, are very expert investigators, and they carried out careful experiments 
and as a result of those experiments, showed that carbide spheroidisation followed the law given in the 
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paper. In fact they have plotted their results and have endeavoured to give us a straightforward formula, 


Bachan doing so I do not think they have been ambitious. Optimistic might have been a better chosen 
word. 


Then again, lower down the page, I read that superheater tubes would be better nomalized. In the 
process of cold drawing the tubes they probably pass through four cold stages, and of course they are 
suitably heat-treated after each stage. One would not accept tubes in a cold drawn state unless they had 
been annealed, so that they do always get normalized. The point is that if you continue normalizing you 
get spheroidisation. The question arises then as to the degree of normalizing possible without having 
spheroidisation take place. 

Next I am a little bit perturbed about the table at the bottom of page 6. I observe that if you have 
a temperature of 750° F., the time for complete spheroidisation would amount to 20 x 10° hours, i.e., 
20 million hours. Now, a million hours is about 100 years, and two thousand years seems to me rather a 
long period to spheroidise the material completely at 750° F. In fact, I myself have carried out small 


Sa ec regarding the amount of time necessary to spheroidise tubes. I may say that these tests 
were of a very practical nature. 


Through the good offices of Mr. Johnson, Chief Superintendent Engineer of the Canadian Steamships, 
Ld., I was able to obtain specimens of superheater tubes which had been in service for periods varying 
from 0 to about two years. ‘Tensile and Charpy tests were carried out on the various sp.cimens, the resulis 
of which are given in the accompanying Table. 


For the purposes of comparison the whole series of results are given, C-1 referring to the unused 
tube, C-2 to the tube in service for six months, C—3 to tube in service for 18 months and C-4 to tube in 
service for 30 months. The results of the physical tests are given for three samples of C-3 and four 
samples of C-4. The positions of samples C—3 and C-4 in the superheater are as follows, viz. :— 


C-3a.—4th pass (i.e., final pass of superheater) fire side of “ U.” 
O-38.—1st tube on 2nd pass from back of boiler, approximately 2 ft. 6 ins. from drum. 
C-30.—4th pass outside top leg of “ U.” 


C-4.—From row of tubes nearest furnace, cut close to the drum, one from each of the four passes of 
the superheater. 


C-44.—From the first pocket (i.e., saturated steam supply). 
C-4p.—From the last pocket (i.e., where superheat reaches its maximum). 


The saturated inlet is at the near end of the boiler and from experience it has been found that the 
maximum gas temperature is in way of the second pass. 


| Vickers’ Pyramid Hardness Numeral. 


Ultimate : 
Sample Tensile Strength Elongation. 
| Inner Surface. Outer Surface. 
Tons per sq. in. Per cent. 
C-1 27°6 17°5 on 8 ins. 136 136 
C-2 26°9 185 on 8 ,, 145 150 
C-3a 25°0 115 oné ,, 137 125 
C-3B 21°4 13°0 on 6 ,, 130 128 
O-3¢ 25°9 26 on2 ,, 143 138 
C-44 26°0 Sino. 5 153 142 
(Broke on gauge mark) 
C-4B 22°3 36 on 2 ins. - 136 129 
C-4c 23°7 85 ;on2 ,, 143 139 
(Varied from 127—155) (Varied from 129—150) 


C-4D 23°0 34 on2 ,, 156 138 
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Microphotographs were also obtained for the inner and outer surfaces of the tubes and in this 
connection mention may be made of the able help I received from Mr. Ripley and others. The tubes were 
subjected to steam temperatures of about 700-750° F., and, under normal working conditions the tube 
temperature would be of the order of 750-800° F. From the microscopical examinations it was possible 
to compare the change of structure over the varying periods and note the growth of spheroidisation. It 
was observed that increase of spheroidisation coincided with some reduction in tensile strength. It was 
quite evident that spheroidisation took place within a year. 


The drop in tensile strength is to be expected and, of course, with a higher carbon steel would have 
been greater, the properties of the material ultimately tending towards those of pure iron. 


R. W. Bailey of Metropolitan-Vickers read a paper in Japan a year or two ago and gave results for 
tubes taken out of superheaters from which it appeared that the change in structure took place after two 
years at a temperature of 640° F. It is a little time since I read this paper and I am only speaking from 
memory, but | think this is the temperature mentioned by Bailey. 


In dealing with the question of spheroidisation, the authors refer to the fact that stress does not 
appreciably affect the rate of spheroidisation. Of course, that is all a question of degree of spheroid- 
isation. ‘The longer you go on heating, at the necessary temperature, the more the steel will spheroidise, 
until ultimately you get down to a condition when the globular formation of the carbide is complete and 
the material is, to all intents and purposes, a very low carbon steel or iron. 


At the top of page 7 it is stated that ‘The published information on the effect of spheroidisation on 
creep is due to Tapsell, Bailey and Roberts, and very close agreement will be observed.” I am not quite 
sure what is meant. Perhaps the authors will enlighten us in their reply. 


Then we come to the question of proportional limit, and I think we might get some further 
information regarding this. Jt is rather interesting to observe from the curve in Fig. 6 that the 
proportional limit of 750° is about six tons, whereas the creep limit is about 15 tons per sq. in. This 
latter value seems high. Further, I do not think it correct to compare any results of Fig. 7 with those 
of Fig. 6, since the materials for each figure are different. 


Then with regard to the question of design stresses, I would like to know whether, although they 
put down what Tapsell has stated, the authors themselves are in agreement with his conclusions. 


Turning now to page 14, I hope you do not think I am criticising the paper too much. You 
will remember at the beginning I said we should not be frightened by the mass of details, and to think 
thereby that everything had been dealt with and that therefore no comments need be raised. Well, I 
have not many further remarks to make, but on page 14, about half-way down, it is stated that “with the 
information given on spheroidisation suitable allowance can be made where necessary,” and I would like 
to know what those suitable allowances are. 


As mentioned by Mr. Macpherson, the time factor in the question of fatigue is very important when 
dealing with materials at high temperature. This also applies to the case of alternating stresses, where 
time is required so as to allow the material to adjust itself to a stable condition. Still more so in the 
case of corrosion, combined with fluctuating stresses, when the time element is so important that, under 
certain circumstances, it has been shown that there is no corrosion fatigue limit. 


There are only two other points, and they are in the remarks at the end of the paper under 
“conclusion.” I think that, in the first place, the authors might qualify their statement in the second 
paragraph. I think they might say “the usual stresses employed in engineering structure,” or have 
qualified it by actual values of the stress, according to service temperatures. It is difficult to reconcile 
the fact that effective normalizing increases the creep resistance. ‘The next point is how long will this 
increase in creep resistance remain effective under service conditions. We must consider boilers working 
for a number of years, and it follows that there comes a time when initial heat treatment will have little 
effect on the mechanical properties of the material. 


And then finally with regard to the statement “Chemical composition is, of course, of the utmost 
importance if the suitability of a material for high temperature is to be gauged.” I do not quite 
understand what is meant by “suitability of materials is gauged by chemical composition.” I think that 
requires a little explanation, because there is a lot more in it than at first meets the eye. 
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I have given rather a lot of queries to be answered, but I spent some time on Monday evening looking 
through this paper, and there are several points that might be expressed a little more clearly. I think 
that with a paper of this nature, which should be very useful to engineers who now have to deal with 
materials subjected to high steam temperatures, it is just as well to understand definitely what the authors 
have tried to convey to our minds. 


CORRESPONDENCE. 
J. Harsorrie (Glasgow). 


Messrs. Forsyth and Reed are to be congratulated on the very useful information they have given us 
on a subject we have very little information about, except that we know the troubles caused by creep, not 
only in steel but other materials. The authors have gone to a lot of trouble to collect all the information 
they have given us before drawing their own conclusions. 


Many of the authorities quoted appear to differ as to the best composition of the material to resist 
embrittlement and creep, while others are at variance with the temperature and load which can be safely 
used, but when we consider the amount of time taken up for each test for various temperatures and various 
loads, the task is enormous and long, involving in some instances months or years of work and careful 
observation. 

The authors state that in considering a material the tendency for intercrystalline cracks to develop 
should be ascertained for resisting the embrittling action of cycles of stress and temperature. Cycles of 
stress include work embrittlement and there is a theory that these cracks are transcrystalline. Should 
this be so it would differentiate between work embrittlement and embrittlement by heat and chemical 
action. I would like to ask the authors if they have any information regarding this. 


A great help to the engineering world would be obtained if a record of the parts showing failure 
through creep was made and more frequent observation taken of parts subject to high temperatures. 
Creep defects do not usually cause sudden failure, therefore, if the time taken to cause these defects was 
observed, and the analysis of the material be obtained, a material would eventually be found to stand up 
to the temperature and work. 


It may be outside the scope of this paper to introduce cast iron, but it was through practical observa- 
tion, careful measurement of creep, analysis of the material and the length of binding points that at last 
evolved a material for heavy oil engine liners, which, although creep might still be there, it could be 
neglected for all practical purposes. The cast iron used was of pearlitic structure with a small addition of 
vanadium and nickel. Some authorities state that nickel does not affect creep, others state that nickel 
helps to resist creep, therefore practical observations and actual trial would help. 

I quite agree with the authors that, apart from allowing for thick cylinder stresses, a factor of safety 
should be used to be well within the safe load factor. 

I thank the authors for the collection of useful data, their observations and remarks on the same and 


hope in the near future they will give us a similar paper on that very useful material, cast iron, and its 
best form to resist creep. 


L. R. Horne (Southampton). 


The Association is to be congratulated on this very informative paper for it is entirely to its credit 
that two members should have been persuaded to carry out the ardous preparation involved. 

Few surveyors can make a serious attempt to keep abreast of all the developments in this sphere, and 
for those whose impressions are largely founded on casual glances at a few of the technical journals, this 
paper contains a wealth of information precisely stated. 

By their own care to back all their expressions of opinion by appeal to recognised authority they 
prevent many of us, I feel sure, from attempting discussion, but it is to be hoped that they will not, 
therefore, imagine that their efforts are not appreciated. 

While they inform us a great deal I am not sure that they greatly add to our comfort of mind for 
evidently with each advance in the production of alloys and in their preparation for service comes a new 
possibility of failure due to accidental mistake or carelessness in treatment at some stage of manufacture. 


‘ 


At present, when parts of machinery known to be made out of the ordinary materials need replacement, 
we can usually get the spares from the original makers and rely confidently on their skill and care, but is 
that going to be possible if and when another trade boom comes along ? 


Then it seems to me the local surveyor will be expected to lay down the law for the heat-treatment 
and testing of these special steels and alloys with the same readiness with which he now deals with mild 
steel and naval bronze. If that prophecy be true I think the Association had better extend its thanks to 
these gentlemen and then quote Oliver Twist. 


P. KerrscHer (Prague). 


I desire to offer my sincerest thanks and congratulations to the authors for their excellent paper, and 
have studied with great interest their comprehensive treatise on the present position of the subject. 
Papers such as this are of the greatest value to the individual member, who generally has only a limited 
number of technical periodicals at his disposal, thus giving him an opportunity to complete his knowledge, 
and compelling him to define his attitude regarding a matter thoroughly studied and ably interpreted by 
the authors. 


Provided that due consideration will be given to the influences of embrittlement, spheroidisation 
and proper temperature control, and bearing in mind that, for the purpose of design at high temperatures 
also under varying conditions of stress, the superior limits of stress might safely be based on creep test 
results, as indicated in the paper, the main problem remaining is to obtain fairly complete creep data of 
the materials contemplated. 


Considering that an ample factor of safety on the limiting creep stress and on the probable 
deformation during the life of the material will be provided for in all cases where a suitable design stress 
has to be decided upon, it appears that some standardised form of short time creep test would prove to 
be of considerable practical value to the designer, furnishing him, within a few days, with approximate 
creep data, which might be checked by long time creep tests in the case of materials of characteristic 
composition, or when very small creep rates only are permissible. 


Besides the well-known methods of Dr. W. H. Hatfield and Messrs. W. Barr and W. E. Bardgett, a 


number of other methods of short time creep tests have been proposed (1). The general development 
tends to adopt for the accelerated determination of a practical creep strength. 


(a) a limitation as regards permanent extension within the period contemplated, and 


(>) a maximum creep rate after a certain time, or after the specified permanent extension has 
been attained, 


but, until now, none of the proposed methods have been generally accepted, and it appears, therefore, 
that the problem is still some way from reaching finality. 


Vy. F. J. SpRowox (Augsburg). 


One is very grateful to the authors for having undertaken the difficult task of dealing with still partly 
unsolved problems of testing materials in such an excellent and intelligible manner. In particular, the 
logical arrangement and subdivision of the contents of their paper must be appreciated, as it will con- 
siderably facilitate the study to all those who lack a thorough knowledge of the matter. It is therefore 
rather difficult to contribute something to the discussion without being tempted to commit the fault of 
adding merely some facts which would scarcely improve the paper. The opportunity of acquiring real 
practical experience of the subject in a laboratory, of course, is rather limited, so long as these methods 
of testing material are still a privilege of scientific research. 


(1) A. Pomp u. A. Dahmen, Mitt. Kais.-Wilh.-Inst. Hisenforschg. Bd. 9 (1927), 8.33. 
A. Pomp u. W. Enders, Mitt.-Kais.-Wilh.-Inst. Eisenforschg. Bd. 12 (1930), S. 127. 
A. Pomp u. H. Héger, Mitt.-Kais.-Wilh.-Inst. Eisenforschg. Bd. 14 (1932), 8.37. 
Fr. Kérber u. A. Pomp, Stahl u. Eisen, Bd. 52 (1932), 8.553. 
E. Siebel u. M. Ulrich, Zeitschr. d. Ver. Deutscher Ingenieure, Bd. 76 (1932), S. 659. 
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To begin with the opinion of the authors regarding embrittlement : It is a well-known fact that even 
very mild steel sometimes gets brittle in service in a way which could not be expected with respect to its 
original toughness, thus very often causing serious defects. It is true that employing a harder material 
would not give any greater safety, as the yield point, being the most important factor at rising temperatures, 
is far more reduced with hard materials than with mild ones. Therefore it does not make so much 
difference, whether with a material at elevated temperature tensile strength, elongation and resistance to 
creep may assume higher values than at room temperature. The limitation of strain which may safely 
be applied to a material will chiefly depend upon its lower yield point. The upper one which is strongly 
influenced by the rate of strain when carrying out ordinary tensile tests, further influenced by the section 
and shape of the test bars, is of no importance. With steels, however, without distinct yield point, the 0-2 
limit is the one in question and should be determined at any rate with practical testing of material. 


In the case of testing high pressure boiler steels, I think that tensile tests at working temperature 
with determination of yield point, etc., in order to verify the sensibility of the material to embrittlement, 
artificially aged impact tests, would give sufficient results for judging the future behaviour of the material 
when exposed to elevated temperatures afterwards in service. This, of course, only if one takes for granted 
that in service the inner structural tensions, present in every material, or tensions caused by changing 
temperatures, would have only minor effects. It is interesting to note in this connection that the results 
of embrittlement in impact tests of Colmo steels, as stated by the authors, improve with growing time. 


In order not to commence the first phase of creep till the “settling down” of the material, a far smaller 
amount of strain will be necessary at 150-200°C. than with room temperature. A deformation of the 
material, at these temperatures in particular, is dangerous, as it reaches into the region of blue heat. Thus, 
in addition to a reduction of sectional area, there may occur also a considerable increase of embritt}ement, 
which the authors call temperature hardening effects, if I understand them. Certainly, the effect of time 
on the process, which already at room temperature is present up to a certain degree, must also be taken 
into consideration. With temperatures above 250°C. the yield point does not now appear definitely, so 
that further creep phases may continuously commence and advance. 


As the authors state, the transformation of lamellar pearlite into a globular form of the crystals occurs 
even at temperatures below A,,, if sufficient time is given. The more or less complete transformation may 
cause the above mentioned inner structural tensions within the material itself, thus causing a local inter- 
crystalline brittleness. That means the stresses in the various places of a sectional area will act in quite 
different ways. A polycrystalline body like steel, therefore, never can behave like an absolute homogeneous 
one. 


In this connection it may be mentioned that some investigators suggest, for purposes of scientific 
research, crucible steels should only be used, in order to get as excellent standard values of results of tests 
as possible, as this process allows the manufacturing of a practically homogeneous steel. 


A striking example of local embrittlement seems to be the casual cracking of rivet heads of steam 
boiler drums. Where, in an up-to-date boiler shop, the heating of the rivets takes place in a gas or 
electric furnace regulated at a suitable temperature, there is no visible reason why, in spite of that, rivets 
should be found cracked. If this occurs after longer periods of working it is called, I believe, season 
cracks. The above mentioned spheroidisation of the pearlite may largely take part in this phenomenon 
of cracking. On the other hand, an overheating of the rivets (sparkling) must strictly be avoided as 
causing a very coarse grain structure, being also embrittled. If overheating goes too high, then a plastic 
deformation by means of hammering or compression by the riveting machine, does not any longer possess 
the favourable effect of a refining process. As it is known, plastic deformation applied to a material at a 
suitable temperature replaces, up to a certain degree, an efficient thermal treatment. If now, in addition 
to the embrittled grain, a continuous strain, resulting from the stresses of the overheated material in the 
rivet itself, acts upon the latter, then every opportunity is given to formation of cracks. 


Further, overpassing the local yield point, for instance, if the hydraulic pressure of the riveting 
machine is too high, hammer blows produce a permanent deformation in the material of the boiler plate. 
In the grain structure there appear so-called “sliding planes,” which form zones of increased brittleness, 
also where the material is liable to cracking if any other strains are added, as for instance, stresses due to 
temperature change. With strain hardening effects, as the authors call it, it is supposed that the grain 
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structure is transformed into a structure having a higher resistance, or that weaker places in the structure, 
offering minor resistance, disappear. Thus, means must be sought for improving the mechanical properties 
of materials when subjected to strain, in other words materials which in service become more able to 
increase their strengths, so that the danger of rupture will correspondingly decrease. But this will of 
course remain a Utopia. It may be mentioned that the sliding planes in the texture mentioned above 
can be made clearly visible by means of the ‘“‘Fry” etching, which does not act, however, in the case of 
harder steels. 


So it appears that where static strains over long periods of time at elevated temperature, which demand 
a material of great resistance against creep, are concerned, spheroidisation must be avoided at all costs. 
The lower resistance of stee! with globular pearlite, results in its considerably reduced tensile strength and 
yield point, whereas ductility and toughness are increased. It should be emphasized that the authors 
make mention in their paper of the greatly reduced resistance of cold worked material against spheroidisation. 
Some years ago the requirement of normalizing cold bent superheater or boiler tubes, such as for extra 
high pressure boilers, frequently had been refused by some tube works. In the now “ancient days” of 
the heavy oil engine with air injection, sometimes the pipe connection from the attached compressors HP 
stage to the HP air cooler had been cold bent, without being annealed afterwards ; having here tempera- 
tures in the vicinity of 300° C. the reduced strength of the material in connection with time, stresses and 
vibrations, would have caused serious accidents. 


It is regrettable that occasion to acquire some practical knowledge with respect to static creep tests is 
not given in this district, as in Diesel construction the carrying out of fatigue tests only is usual. These 
tests consist of multi-cycle bending stress tests. They are carried out under the most varying conditions 
of working, also at elevated temperatures. In addition to different materials being subjected to tests, the 
surfaces of the test samples are prepared in the most varying ways as smoothed, rough planed, polished, 
corroded, etc. The completely reversed stress (tensile-compression) test is not very usual here. 


Some years ago I had a chance of observing creep tests at an Upper Silesian steel works. Ordinary 
tensile testing machines are not fit for carrying out creep tests, as there is no means for maintaining the 
stress exactly constant; in order to get as many samples as possible simultaneously tested a number of 
weight-loaded lever arrangements (12-15) had been provided. In comparison to the more advanced 
actual testing methods, the results of tests obtained probably were less exact. Heating the samples took 
place, and was electrically controlled by means of thermo couples. As the authors state, the exactness of 
results of creep tests depends so much on the sensibility of the testing equipment that the regulating of 
the temperature and the safe working of the whole arrangement becomes essential. Heating the samples 
in liquids is preferable to air heating, as the temperature with the former can more easily be kept 
constant. 


The determination of proportionality, elasticity and creep limit, is carried out by means of 
extensometers, which we all know from testing high elastic steels, but they are a little amended for this 
purpose. On account of the high temperatures, in lieu of the two extensometer bars, four bars are 
arranged, consisting of a heat resisting material which, even at high temperatures, possesses sufficient 
elasticity for pressing the four steel points (instead of two knives with the ordinary extensometer), made 
of a heat resisting alloy, on the test samples. Adjusting these steel points, limiting the gauge length, 
must be done with care in such a way that the points are exactly opposite to each other. 


It is now a question very often discussed whether the importance of the elastic limit is not a little 
overestimated, as the conception ‘elastic limit” is not based upon any physical properties of the material. 
It is but a mere signification according to some international agreements, tolerating even certain smaller 
deformations of the material. 


In general an extract from researches states :—The creep limit of steels subjected to tensile stresses 
at room temperature is above the yield point of the steel in question at the normal rate of testing, if 
for long time creep tests a small permanent deformation is permitted. Above 300°C. the creep limit 
drops below the yield point of the ordinary tensile tests at the same temperatures. If considerable 
permanent deformation is not permissible, then the creep limit becomes eqnal to proportional or elastic 
limits of the steels with short time tensile tests at the same temperature. Where the stresses afterwards 
in service are surely below the elastic limit, there a material must be chosen, which combines a high elastic 
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limit with little toughness. If in service, extremely elastic stresses are to be expected, then a material 
of higher toughness, but less elastic limit will be preferable. As resulis of tests are not available in order 
to prove the above statement, it seems to be not of great value. ‘Therefore I should be glad to know the 
opinion of the authors as for practical purposes a short definition of the whole matter would be acceptable. 


Now the question should be raised: Does a long time creep test cause an alteration of the ultimate 
strength aia ke ? If the stress does not overpass in any place the elastic limit of the test sample, so that 
permanent deformations do not appear, it can be assumed that a fatigue rupture will not occur, as the 
mechanical properties of the material have not been deteriorated. 


As the conditions of testing creep limits are so extraordinarily similar to those of service, it is intelligible 
that one endeavours to employ this kind of testing also in practice. But the long time needed for these 
tests is a real drawback. With respect to the Barr and Badget method the authors mention that the 
results of short time creep tests satisfactorily correspond to those of long time creep tests. Reducing the 
time to a couple of days, or better hours, would be necessary, if the tests should be of any value for 
paces testing materials. But there one is compelled to ask : With such a shortening of time would it 

ible, even for practical purposes, with sufficient exactness to determine the limiting stresses of the 
various materials at elevated temperatures ? I mean those limiting stresses above which the deformation 
does not now stop, but advances towards rupture. 


It has already been suggested to use those ultimate values of the creep rate of steels, which appear 
within a certain time after the load has been applied to the test sample, say the 0-O00L per cent. per hour 
limit after the third or sixth hour*. These ultimate values, of course, must be extracted from a very great 
number of tests, previously made for research purposes in the laboratory. Therefore it is suggested, also, 
instead of employing the creep limit, to determine the elastic or proportional limit only, thus obtaining 
something like the same final results. ‘Tests shortened by high stresses, of course, have not any value. — 1b 
would be possible, indeed, to prove a wrong treatment of the material or to pick out such materials which 
occasionally would resist higher stresses, but for a regular testing of normal materials this proceeding 
would not be of much use. 


Fatigue tests with a 0°35 C. normalized steel at elevated temperature, carried out by a works in this 
district, gave similar results as those obtained by Moore, Jasper and Tapsell with a 0°17 C. steel. It is 
therefore interesting to note that the carbon contents and the manner of applying the strain do not seem 
to make much difference. The tests made by Tapsell, for instance, apparently were completely reversed 
stress (tensile-compression in axial direction ?), whereas the former ones consisted of multi-cycle bending 
stresses, i.e., vibration fatigue tests. The resistance against fatigue increased with these vibration tests 
from 15° C. to 800° C., and is here with 34°1 kg./mm?, about 4 kg. higher than at room temperature. 
Above 800° C. the curve drops continuously, and at 525° C. reaches the lowest value of 27 kg./mm?. 


Now the question should be raised, in which form the resistance against creep is influenced, if 
temperatures change from a minimum to a maximum, and vice versa, as it would occur frequently in 
service, for instance. This changing of temperature may happen rapidly or at moderate intervals of time. 
Stresses already present in the material then would be augmented by stresses inclined to apply an 
additional bending stress. Would not this cause a local overstrain of the material and therefore an 
earlier appearance of creep effects? Have investigations already been made in this direction ? 


Further, it would also be very interesting to learn up to which degree the purity of a material from 
the metallurgical point of view, i.e., with enclosures of slag or gas, usual chemical contents, etc., has any 
influence on the resistance against deformation due to creep. Particularly with boiler material this seems 
to be of utmost importance. If we do not take into account higher manufacturing expenses it is a 
simple matter to overcome with welded or forged boiler drums all these phenomena due to embrittlement, 
fatigue, ageing effects, reduced creep limits, etc., by means of thermal treatments thoroughly carried out. 
Where this is not possible, as for instance with riveted drums or expanded tubes which are particularly 
exposed to cold deformation, then the use of steels less sensible to the above phenomena becomes essential. 
But this leads us to the alloy steels, which will, as the authors suggest, be the subject matter of a further 


paper. “ee : 


*A good description of this short time method is given in “ Mitteilungen K. W. Institute f. Eisenforschung 
IX, 3, 74, page 47. 
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We should be deeply indebted to the authors if they would undertake such a difficult task once 
more, for the benefit of all those members of the Staff Association who are very interested in the matter. 


In the meantime, I beg to convey my sincerest thanks to the authors for the valuable information 
given already in their first paper. 


Louts Rreney (Middlesbrough). 


I have been invited to contribute something to your recent joint paper. 


However, as I understand that you have now approached to “ going to press” stage, I feel I ought to 
ask to be excused on this occasion. 


At the same time I should like to tell you that I consider the paper to be a good one and you are also 
to be commended for the way in which the paper is arranged. 


Frepericu C. M. Wirr (Hamburg). 


When, as at the present time, every endeavour is being made to arrive at the greatest possible 
economy in fuel consumption and highest degree of efliciency and performance by the application of 
increased steam pressures and temperatures, the choice and use of the most suitable material is of the 
utmost importance for the safety of power plants. In view of this, the paper “Behaviour of Steel at 
Elevated Temperatures,” by Mr. G. H. Forsyth and Mr. C. W. Reed, is very opportune and, in my 
opinion, the necessity for a careful study of the views put forward cannot be over-emphasized. Both 
authors give an excellent and comprehensive review of the knowledge at our disposal up till now, and state 
very clearly what is necessary for the designer and surveyor to know of the properties of the materials to 
be used in the construction of parts which are to be submitted to elevated temperatures. The paper 
contains such a great amount of material and a summary of the results of recent experiments, and deals 
with all phenomena in such an exhaustive way that it accordingly leaves practically no opportunity of 
contributing anything new. It is undoubtedly a valuable contribution to the transactions of the Staff 
Association, and I desire to offer my hearty thanks to the authors for their extremely interesting and 
useful paper. 


REPLY BY THE AUTHORS. 


Mr. President and Gentlemen.—The published information on the properties of materials at elevated 
temperatures would fill several volumes. This has been placed at the disposal of the engineer by the 
metallurgist and it has been our object to include in the paper what we consider most useful to the 
members of the Staff Association. 


It will therefore be clear that the paper contains nothing that is original but is rather an attempt 
on the part of the authors to utilize some of the information brought to light by the researches of the 
metallurgist. 


In writing the paper we found it difficult to compare results obtained by the various investigators. It 
appeared that vastly different results as regards creep rates had been obtained for apparently similar 
materials. Many of these differences we found were due to the fact that the creep rate at a given stress 
and temperature varies with time. After loading it is at first rapid and then slows down and may 
subsequently pass through a minimum. 


The variation of creep rate with time makes it very difficult, with the information available to estimate 
deformations after a period of service. I think most engineers concerned with design at high temperatures 
will welcome more information as given by Fig. 14. Until such data is available, it appears that only 
fairly rough estimates can be made of the amount of creep during a period of service. 


It was also found difficult to compare results giving limiting creep stresses and this was found to be 
due to the fact that sensitivity of equipment and duration of test had a marked effect on the results obtained. 
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A great deal of time has thus been spent on sorting out and comparing results and if this paper saves 
members of the Staff Association from having to do likewise then the authors will feel satisfied that their 
efforts have not been in vain. 

The authors would like in particular to thank Dr. Dorey for his contribution to the discussion because 
it is apparent that he has made a careful study of the subject. Results of his own investigations have 
also been included and these are of great interest. 

The view that steels which have become embrittled show no change in microstructure is supported by 
Bailey, Roberts and Inglis. The composition, also the heat treatment, of the various steels on which 
experiments were carried out are given in Tables 1 and 2. Bailey and Roberts state that even with a 
magnification of 1,000 diameters, in no case was it found possible to explain the brittle condition by a 
change in structure. 

Dr. Inglis, apart from examining the microstructure, carried out other physical tests on the embrittled 
steels and as a result found that this “Izod brittle” material would bend perfectly satisfactorily, further 
that the fatigue properties were identical with the original material. 

Thus, according to these investigators, it would appear that embrittled steel only varied from steel in 
the original tough condition in respect of impact value. Dr. Haigh of the Royal Naval College at 
Greenwich, however, has found other differences which are of interest, viz. :— 

1. Steel in the tough condition showed a much lower limit of proportionality than after 
embrittlement had taken place, the observed figures being 32 tons per sq. inch as against 48 tons 
per sq. inch. 

2. A difference in the form of the tensile fracture as shown by Fig. I (of the Discussion). 

Respecting suitable bolt material, it appears, on referring to page 5 (half-way down), that steel 
having the following composition would resist embrittlement, viz. :— 

2°5 % Ni., 0°7 % Chr., 0°7 % Mo., 0°5 % Mn., 0°3 % Carbon, 
and the authors are of opinion that a suitable heat treatment would be to oil harden the steel from 
830° C. and to temper from 650° C. 

ai ke the resistance to creep of such a steel, it will be seen, by reference to the top of page 15, 
that it should retain excellent properties up to 930° F. 

It is interesting to compare the composition of this suggested steel with that given for a special bolt 
steel by the British Standards’ Institution. The following gives the chemical composition and heat 
treatment specified :-— 


BRITISH STANDARDS INSTITUTION SPECIFICATION. 
No. 10. Part 4. 


Appropriate specification for bolts intended to be used for working steam pressures above 600 lbs. per 
sq. in. and up to 900 lbs. per sq. in., and temperature up to 800° F. (427° C.). 


Minimum. Maximum. 

Per cent. Per cent. 
Carbon ose im - ao ae bea 30 “40 
Silicon “pe “Pp ote aed “y: a — 30 
Manganese ... ve ve as thy a “45 ‘70 
Nickel Daw ree ae ‘a are sn 2°75 3°5 
Chromium ... an *e “ae ie b ae *75 15 
Molybdenum aa aa oa “4s oa 50 — 
Sulphur... ay ae a ae ae _ “05 


Phosphorus ... Ah =o a att st = 05 
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Hither of the following additional elements may be present at the option of the steel maker :-— 


Vanadium tis .-- Not more than °25 per cent. 
Tungsten sis 5s pai a5 tO Pe 
(2) This material should be supplied by the steel maker in the finally heat treated condition, no 
further forging or heat treatment to be subsequently carried out. 
The heat treatment should consist of :— 


(a) Hardening in either oil or air at 825° C. to 875° C. 


(+) Tempering, the bars being heated to a temperature not higher than 650° C. and then 
cooled freely in still air. 


(3) In order to ensure that this heat treatment has been properly carried out, mechanical tests should 
be made on selected samples of bar at ordinary atmospheric temperatures, the following being the 
specified results :— 


Minimum. Maximum. 
Maximum Stress... a see see ...| 65 tons per sq. in. 75 tons per sq. in. 
Elongation ... “er rr Sat a aa 17 per cent. — 
Reduction of Area... +7 AN: a aa rt i primes, — 
Izod Impact Test ... vas aoe as a 35 ft. Ib. — 
Brinell as oe so roe ee es 293 341 


(4) Steel to this analysis, so heat treated, and complying with the specified mechanical tests, will 
have, when at 900° F., a “practical” creep limit approximately the same as that of ordinary 28/32-ton 
carbon steel when at 750° F. 


As stated on page 15 it appears desirable to subject special bolt steels to impact tests after being 
exposed for periods to the service temperature and it may be mentioned that this is the practice of one well 
known firm. 


Dr. Dorey has drawn attention to the spelling of the word pearlite, at the bottom of page 5, and the 
authors regret that this mistake was only observed when it was too late to have the necessary correction 
made. 


Regarding the increase of pearlite with carbon content it may be stated that pearlite is formed by the 
structural union of ferrite (pure iron) and iron carbide (Fe, C.). As the carbon content increases, more 
iron carbide is formed and this results in a corresponding increase in pearlite and a decrease in the ferrite 
grains present. 


As mentioned in the paper, 0°9 per cent. carbon steel would contain 100 per cent. pearlite, but it 
should have been explained that this would apply to steel in the fully annealed and normalized conditions. 


Dr. Dorey asks for an explanation of the statement that in lower carbon steel the structure may 
consist of ferrite and pearlite grains. The word may was inserted purposely because a quenched steel, 
that is quenched from the Ar, temperature, would contain martinsite (constituent conferring hardness) as 
well as iron carbide and ferrite. Perhaps it would have been better to have stated in the paper that in 
lower carbon steels, cooled slowly through the critical range, the structure would consist of ferrite and 
pearlite grains. 


Regarding the changes taking place on heating carbon steels for a long period at temperatures below 
the lower critical AC1, viz., 700° C., it is stated at the top of page 6 that spheroidisation takes place and 
the lamellar iron carbide breaks up into small masses globular in shape. 
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Regarding the temperatures at which spheroidisation occurs these are given at the bottom of page 6 
for annealed and normalized forgings, together with the corresponding time in hours for this change to take 
place. 


The temperature and time can also be calculated from the formula given on page 6, but it will be 
found that the value of “A” is subject to large variation due to the thermal history and mechanical 
condition of the material. 


For the results given on page 6 the following values of “A” have been calculated, viz. :— 


Time for complete speroidisation at 675° C. (1247° F.) A 
(1) Cast and annealed as received... sab ie 609 hours 48 x 10% 
(2) Normalized at 900° C. (1652° F.) —... Aes 65, 
(3) Forged and normalized at 900°C. ... ~ Gi bx 5:14 00 
(4) Forged, normalized and cold rolled 125... = 125, 1:0 x 10° approx. 
(5) Forged, normalized, cold rolled and normalized 65 ,, SLL. ser On 


and may be used as a guide for judging the effect of temperature and time on producing spheroidisation, 


It might also have been stated that further prolonged heating after spheroidisation has taken place, 
would result in a growth of the ferrite grains reducing the steel to iron strength. 


With reference to the statement in the paper regarding the means of temperature control being 
limited, these implied that where the means of controlling the temperature of the superheated steam was 
limited then excessive steam temperatures would occur resulting in overheated superheater tubes and 
spheroidisation would then take place. If such overheating of the tubes was continued, grain growth and 
decarburisation would follow. 


The authors agree with Dr. Dorey that perhaps optimistic might have been a better chosen word 
respecting the suggested formula for carbide spheroidisation. Although realising the very valuable work 
carried out by the investigators who suggested this formula, it was rather the fact that the value of “A” 
is subjected to such large variation, due to heat treatment and mechanical condition, that the value of the 
formula was questioned. 


Regarding the heat treatment of superheater tubes, the results of Bailey and Roberts’ experiments 
indicate that superheater tubes in the “as supplied condition” often show spheroidisation. The cause 
appears to lie in the effect of annealing cold-drawn tubes at temperatures below the change point. It is 
known that a cold-worked steel readily becomes spheroidised if heated to a temperature just below the 
critical range. On the other hand a cold-drawn superheater tube cooling from aboye the AC3 point would 
contain the carbide in the lamellar form. 


If the latter treatment be applied there will be a definite loss in tube thickness due to scaling. The 
difficulty of the tube makers appears to be in fulfilling rigid specifications as regards tolerance allowance, 
tensile strength, ductility and heat treatment. In complying with such specifications it may not always 
be possible for tubes to be supplied in the best condition to resist creep. 


Dr. Dorey draws attention to the very long time required for the complete spheroidisation of annealed 
and normalized forgings at 750°F. as given by Bailey and Roberts’ results. Dr. Dorey also draws 
comparisons with results obtained from his own investigations. ‘The results he has given are of great 
interest more especially since they represent experiments on superheater tubes after periods in service ; 
this latter fact, however, makes it very difficult to draw true comparisons—there are many debatable 
points, namely :— 


1. As already mentioned, the time for spheroidisation to take place depends to a great extent 
on the original condition of the material. 


2. The difficulty of obtaining the exact temperature of a particular superheater tube under 
normal working conditions. Mention is made in Dr. Dorey’s investigation that the maximum gas 
temperature occurred in the second pass of the superheater and the results obtained confirmed this. 
The maximum tube temperature in this pass may have been considerably higher than the mean 
figure quoted, viz., 750-800° F. 
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Another important point to consider in regard to tube temperatures in service on board ship 
would be the maximum temperatures of the superheater tubes whilst manoeuvring the main engines, 
i.e., with reduced quantities of steam passing through the tubes. Under these conditions the authors 
believe that it is possible for very high tube temperatures to be reached as compared with normal 
conditions. 


3. The degree of spheroidisation is another matter affecting results, Bailey and Roberts made 
their own standard and used it throughout their investigations. 


The results given by Dr. Dorey’s investigation, in the opinion of the authors, indicate the care to be 
exercised in using results derived purely from laboratory experiments and emphasise the importance of 
considering carefully service conditions. 


The close agreement between Tapsell, Bailey and Roberts regarding the effect of spheroidisation on 
creep will be observed by comparing the results given on page 7 and in Fig. 5 


From Tapsell’s results, it will be seen that at stresses of 3°5 and 2-0 tons per sq. in. the temperature 
would have to be reduced 34° F. in the case of spheroidised 0°1 carbon steel, in order to obtain the same 
creep rate as that obtained with this steel in a normalized condition and similarly stressed. At a stress of 
1:0 tons per sq. in. the temperature would have to be reduced 36° F. for spheroidised steel for the same 
creep rate. 


Referring now to Fig. 5, due to Bailey and Roberts, it will be found that for a 0°1 carbon steel the 
reduction of temperature (for the same creep rate) when using spheroidised steel, as compared with 
normalized steel, would be 30° Ff. approximately. 


With regard to design stresses the authors believe (as stated on page 14) that where deformation is 
not important, one-third the limiting creep stress (Tapsell) gives suitable values of working stress. 


In cases, however, where deformations after about eleven years are required to be of the order of twice 
the elastic strain at seven tons per sq. in. at room temperatures, then the lower values based on Bailey’s 
results should be used (see Fig. 19). 


The allowance in working stress, where it is possible that steel will become spheroidised, would be 
made by reference to Fig. 7. Taking a specific case of a 0°33 carbon steel, the corresponding reduction in 
working temperature would be about 50° F. If now the temperature of the installation was 750° F., then 
the authors suggest that suitable working stresses would be obtained from the curves in Fig. 19 (either 
Tapsell’s or Bailey’s curve depending on the deformation permissible) by reading off the stress corresponding 
to a working temperature of 800° F. Under these conditions of stress the creep rate would be approximately 


the same as for normalized or fully annealed material with the working stresses indicated for a temperature 
of 750° F. 


The authors are in agreement with Dr. Dorey that service conditions often take from steel the beneficial 
effect of initial heat treatment. It seems apparent that in high temperature installations the engineer 
must put forward designs in which there is a definite limit to the maximum temperature. In many cases 
it has been found that the working temperature has been such as to completely decarburise the steel. 
The statement that “chemical composition is of utmost importance if the suitability of a material for 
high temperature is to be gauged” refers to the present state of knowledge regarding alloy steels. In the 
short section on alloy steels the effect of adding molybdenum and other elements is given ; under the 
section on embrittlement the effect of these elements is also stated. 


It is gratifying to see onr naval architect colleagues take an interest in a paper of this description, 
and in this connection Mr. Thomson’s remarks are especially welcome. 


He mentions the case of a welded test piece of 28 ton steel, where the ultimate strength dropped to 
4 tons per sq. in. at a temperature of 900° C. (1650° F.). 


Results for ordinary tensile tests on welded test pieces and ordinary mild steel are given in Fig. II of 
this discussion. 
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In this case, the ultimate strength at 900° C. is lower than the figure given by Mr. Thomson; the 
difference in the results will be due probably to the speed of pulling the test piece. The results, 
however, do indicate that under the conditions of test (i.e., quick loading), the strength of the weld is not 
very much inferior to that of the unwelded test piece. 


Mr. Ewing’s remarks regarding embrittlement are very interesting. The authors are of the opinion 
that the possibility of failure of steam joints at a temperature of 750° F., due to embrittlement, is very 
remote. It has been found that brittleness in steel exists after it has cooled down and much greater 
toughness exists at the working temperature. 


Mr. Ewing states with reference to embrittlement that ‘each bolt is a law unto itself” and suggests 
that the tightening up stress accounts to a large extent for the variation in behaviour of bolts in service— 
a suggestion with which the authors are in agreement. 


There is need for more experimental work on the embrittlement of ordinary mild steel. The results 
given in Table 1 for mild steel show that at a stress of 10 tons per sq. inch this material becomes 
embrittled at a temperature as low as 250°C. As far as the authors are aware no results on embrittlement 
have been published for mild steel at lower values of stress with the exception of that under No. 13 in 
Table 2. This result was obtained by Bailey and Roberts, and the stress was five tons per sq. in. 
These investigators were of the opinion that the copper present caused the steel to become brittle. 
However, the need for carrying out further tests, on the effect of stress at various temperatures, is apparent. 


The authors are of the opinion that steel for high temperature work will require to be specially graded 
according to the working temperature. 


Further, it appears that if this course is adopted it will be necessary to have each grade specially 
tested and approved. In any case, time would not permit the surveyor on repair work to carry out the 
necessary tests, to put the case very mildly. 


Mr. Macpherson has mentioned the importance of the time element in tests relating to materials 
subjected to high temperatures. The authors regard this as perhaps the most important factor. In any 
design the engineer must consider the life of the material employed and time, under certain conditions of 
stress and temperature may bring about spheroidisation, embrittlement, decarburisation, excessive creep or 
deformation together with a reduction of ultimate strength. It is therefore apparent that testing of 
material to ascertain its suitability at high temperatures must be carried out with a view to ascertaining 
the deterioration with time. 


Mr. Macpherson has raised an interesting point regarding Fig. 7, the interruptions in the test were in 
regard to temperature only and were caused by the failure of the heating coils. Although the stress was 
maintained it was found that no extension effects were associated with these stoppages. It would appear 
from these results that the creep to be expected in parts in service where operating conditions are inter- 
mittent will be the same as for continuous operation for the same total period, 


With reference to the point raised in connection with superheater tubes, the authors are of the opinion 
that the creep rate would be the same after a prolonged period out of service because temperature acts 
only in altering the rate of creep. Further, the rate of softening falls off rapidly with temperature and 
the removal or otherwise of stress would be expected to have little influence. 


From the foregoing remarks, also from examination of the characteristic of the creep curve on Fig. 7 
and with reference to the remarks on page 10 regarding the phases of creep, it will be clear that the 
behaviour of materials under creep when an interruption occurs is such that a preliminary creep test 
under working conditions of temperature and stress would form an ideal preliminary treatment. The 
material could be passed through the first phase of initial creep and the subsequent creep in service would 
thereby be of a greatly reduced order. 


Such a treatment, however, is not practicable on account of the time required, but this first phase of 
creep could be accelerated by an increase in temperature provided the creep resistance of the material was 
not reduced by excessive temperatures. 
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It may happen that for parts of turbines were only very small deformations are permissible such 
special preliminary treatments may be considered. 


With reference to Mr. Macpherson’s remarks regarding the value of short time tests the authors are 
of the opinion (as stated at the top of page 18) that such tests may be useful for quickly sorting materials 
and for comparing the primitive creep properties with those of a material for which full information is 
available. If such properties are much superior, then the authors would recommend tests carried out over 
considerable periods giving say a standard limiting creep stress on which to base safe working stresses. 
If deformation with lime is important then creep tests would have to be carried into the second phase of 
creep at the working temperature and stress—such a test would occupy a very long period. 


With reference to the effect of high temperatures on oxy-acetylene and electric welds the authors find 
that there is no published information giving results of creep tests on deposited metal. By the courtesy 
of Messrs. The Quasi-Are Company, Ld., the authors are able to give results, in Fig. II (of the Discussion), 
showing the ultimate strength and elongation curves for mild steel, unwelded and welded, with uranium 
electrodes, It will be noted that the strength and ductility curves of the welded bar follow very closely 
those of the unwelded mild steel. 


In considering these results, it should be remembered that they were obtained from ordinary tensile 
tests, and the effect of time is therefore not indicated. 


It appears that the influence of time on the creep rate of weld metal will depend on the action of 
temperature in producing changes in the condition of the deposited metal. In this connection, it may be 
mentioned that it has been found by the above company that welded mild steel, subjected to prolonged 
annealing (i.e., for six days at 700° C.), showed small crystal growth when compared with mild steel 
similarly annealed. 


The authors are in agreement with Mr. Harbottle regarding the enormous task of carrying out 
conclusive tests on embrittlement and creep. Tapsell is at present engaged in creep tests at the N.P.L. 
some of which have been under test for over three years and which are still incomplete. 


Attempts investigators have made to shorten such tests, either by raising the stress or temperature 
under test, have ultimately added to the difficulty of drawing comparisons of the results obtained. 


Mr. Harbottle raises an interesting point regarding embrittlement and intercrystalline fractures. The 
authors would put these under two distinct headings. 


(1) Intercrystalline cracks which as mentioned in the paper develop in certain materials under 
stress whilst at high temperature. 


(2) Embrittlement which occurs in material when it has cooled down after having been 
subjected to cycles of stress and temperature. 


It should be explained that the cycles of stress and temperature referred to would correspond 
to the action of opening up and closing down periods in a steam installation. 
It appears that the kind of fracture under the condition stated in (1) bears no relation to cracks which 
go indiscriminately through the boundaries and crystals in the case of failure due to the embrittlement 
mentioned under (2). 


In some cases, however, structures have become coarsened when the temperature has been excessive 
and there has been shown by photomicrographs, a slight indication of weakening along the crystal 
boundaries. Such failure may be related to breakdown by intercrystalline cracking. 


The authors agree with Mr. Harbottle on the desirability of keeping records of parts showing failure 
through creep. One instance brought to the notice of the authors, showed that the working temperature 
had on occasions been about 150° F. Avgher than the designed temperature. Steam leakage occurred at the 
riveted seams thus giving a warning before more serious damage resulted. 


The remarks made by Mr. Harbottle regarding the creep of cast iron are noted with interest. 


The authors desire to thank Mr. Horne for his remarks; he draws attention to the important question 
of the testing of special steels. At present it appears that, if such steels are to be generally adopted in 


rare rite 
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the future, then each particular steel should be tested by some independent authority and after full con- 
sideration of the results obtained, approval might be given to suitable working stresses for various values 
of design steam temperatures. 


The authors desire to thank Mr. Sdrowok for his kind remarks and very interesting contribution. 


He rightly mentions that many of the problems are still unsolved, a fact which was realised and 
which contributed to the difficulty in writing on this subject. 


As regards the important point raised in connection with the embrittlement of mild steel, it appears 
that, whilst in this country a great deal of experimental work has been carried out on the embrittlement 
of alloyed steels, the embrittlement of mild steels has not received the careful investigation that is 
required. There is evidence in practice of many cases of embrittlement of this material at relatively 
low temperatures, and as mentioned by Mr. Ewing, turbine casing joint troubles are an example of this 
kind. 


The authors believe that the effect of stress and carbon content should be thoroughly investigated at 
relatively low temperatures. 


As pointed out in the reply to Mr. Ewing, there is a need for more experimental work on the 
embrittlement of mild steel, so that the effects of temperature and stress may be ascertained. It appears 
that grain growth of mild steel under various conditions of stress and temperature is another subject 
requiring investigation. 

Mr. Sdrowok’s suggestion that embrittlement tests on artificially aged test pieces should be carried 
out when testing steels for high pressure boilers, is one in which the authors are in full agreement. 


There is one difficulty, and that is the length of time necessary for tests which would yield accurate 
information, and perhaps a better line of attack in the future will be the testing of material which has 
been in service for a considerable period. 


Mr. Sdrowok’s remarks regarding the correct heating of rivet heads are of interest, and he points out 
an important fact regarding the coarse grain to be expected when rivets are overheated. His remarks 
relating to strain hardening and the “Fry” etching method of observing such strains are also of consider- 
able interest. 


The authors are glad that Mr. Sdrowok’s experience confirms that cold worked material has less 
resistance to spheroidisation than after a normalizing treatment has been applied, and his remarks 
concerning the cold bending of superheater tubes and the pipes from an H.P. compressor stage are noted. 


With reference to Mr. Sdrowok’s question regarding the value of the elastic limit, it might be 
mentioned that if such a limit exists at elevated temperatures, an easy method would be provided for 
obtaining suitable working stresses which would not give rise to permanent deformation. The results of 
creep tests, however, indicate that the elastic limit is an unreliable guide, there is difficulty in obtaining a 
value for it experimentally ; and certainly above 400°C. it appears necessary, due to the plastic flow of steel, 
to consider creep test results, rather than values said to be elastic limits. Further, below a temperature of 
400° C. the elastic limit can be raised by straining the material. The authors are of the opinion, therefore, 
that at elevated temperatures, design stresses should be based directly on the results of creep tests. 


Regarding the raising of the ultimate strength properties as a result of creep, the authors would 
expect temperature to be the deciding factor. If the temperature of the creep test was high enough to 
cause flow or plastic deformation, the material would become strain hardened and would then show an 
increase in ultimate strength at normal temperatures. 


With regard to the value of short time creep tests, the authors would refer Mr. Sdrowok to the reply 
to Mr. Macpherson. 


It is interesting to note that fatigue tests on 0°35 carbon steel (normalized) carried out in the 
Augsburg district have yielded similar results to those obtained by Moore, Jasper and Tapsall. From 
examination of creep test results, it appears that carbon content will not affect fatigue results to any 
marked extent, especially as the temperature increases. The important fact arrived at from examination 
of fatigue tests at high temperatures, appears to be that the superior limit of stress need not be less than 
the working stress suggested under static load conditions for mild steel. 
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The influence of temperature variation would be to increase or decrease the creep rate—an increase 
of temperature increasing the rate of creep. Where temperature variation takes place, the authors are 
of the opinion that the design stresses should be based on the maximum temperature to be expected in 
service. The rapid fall in creep resistance with increase of temperature indicates that this is necessary in 
practice. 


With reference to the degree of purity of the material, the authors are not aware of any tests 
carried out on material containing slag enclosures, but they are of the opinion that the working stresses 
suggested for mild steel are safe stresses for tested material. 


In regard to Mr. Sdrowok’s concluding remarks regarding heat treatment and alloy steels, the 
authors would suggest the real value of alloy steels lies in their high creep resistance at temperatures 
where the strength of ordinary mild steel falls to a very low figure. 


The authors desire to thank Mr. Kertscher for his remarks and agree with him upon the desirability 
of having complete creep data of the materials contemplated. Such information is especially necessary in 
the case of alloy steels. 


Regarding short time creep tests the authors have given full consideration to the results obtained by 
the various investigators, including those mentioned in the reference given. It is, howeyer, the opinion of 
the authors that in the light of the present information available, it is only safe to base working stresses on 
the results of tests lasting about forty days. Results from tests even of this duration only yield information 
with increased values of stress (i.e., above the working stress). A limiting creep stress is thus obtained 
which can be used to give a safe working stress by employing a factor of safety. Experiments of this 
nature, however, do not give information regarding deformation with time. If deformation is important, 
then experiments must be prolonged with lower values of stress than those yielding limiting creep stresses, 
and the authors would suggest plotting the results as indicated in Fig. 14. 


As mentioned in the reply to Mr. Macphersen, the value of short time creep tests appears to be in 
the quick sorting of materials. 


Finally, the authors desire to thank all those who have kindly contributed to the discussion and for 
their comments on this paper. 


BRITTLE 


Fie. I. 


NOTES ON THE OPERATION AND MAINTENANCE 
OF COMMERCIAL AIRCRAFT. 


By G. H. M. MILES. 


INTRODUCTORY REMARKS. 


It is thought that a few words of explanation are necessary as to the reasons for the choice of the 
title of this paper and the manner in which the subject has been treated. 

From time to time the Society’s Ship and Engineer Surveyors at Outports are called upon to assist the 
Joint Aviation Advisory Committee by furnishing reports on damaged aircraft, and certain other Ship and 
Engineer Surveyors have received training in aircraft practice. It has therefore been decided to regard 
papers read before this Association by the Aircraft Surveyors primarily as notes which it is hoped may be 
of assistance to these gentlemen. 

The order in which the papers should be read has been pre-arranged, and this is the title which 
is next in sequence, When compared with the length of the paper it may appear rather ambitious, 
but the aim has been to provide a series of pointers to the salient features in connection with aircraft 
operation and maintenance rather than to deal with the subject in any detail ; and, in addition, it has 
been viewed from the safety, rather than from the economic aspect. 

Almost invariably, when carrying out a survey after an accident, especially when the aircraft 
concerned is commercially operated, ene unconsciously asks oneself ‘Is this a good or a bad organization ? 
Could the accident have been prevented? Is the aircraft fitted for the service on which it is being 
used, and is it operated in a proper manner ?” 

The object of this paper has been to provide an outline of the factors which determine the answer 
to these questions. 

Throughout the paper the operation of scheduled services over regular routes has been principally in 
mind, as these call for the highest type of organization. Private civil flying has been enisaely sineget ed, 
and the operation of landplanes only is inferred, as space does not permit of a discussion of the specialized 
requirements for the operation of marine aircraft. 


SUMMARY OF THE Marin Consiperations oF Arr LINE ORGANIZATION. 


Practically every phase of Civil Aviation is controlled by Air Ministry Regulations. It is therefore 
necessary to ensure that each phase of the organization is so built up as to comply with their provisions, 
the more important of which will be found in the following publications :— 

_  (@) The “Air Navigation Order,” which describes the various conditions for aerial navigation, 
i.e., the conditions under which aircraft are permitted to fly. 

(6) The “ Air Navigation Directions.”—Directions made by the Secretary of State for Air in 
amplification of individual Articles of the above Order. 

(c) The * Airworthiness Handbook.” —Containing rules for the construction and inspection of 
aircraft. 
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Thereafter considerations of operation will come under the following main headings; which, 
although closely inter-allied, require specialized individual organization :— 

1. Selection of aircraft in the light of their suitability for the specific route and service 

to be operated. 
2. Selection of aerodromes along the route; their efficient lighting and equipment, and the 
institution of measures for the safe and efficient handling of passengers and aircraft on the ground. 
8. Selection of the flying personnel, and formation of the operating organization, with 
arrangements for effective communication with, and navigational and safety aids for, the aircraft 


during flight. 
4. Organization of Inspection, Maintenance and Overhaul services for the aircraft and their 
engines. 


5. Organization of efficient systems for the control of stores and compilation of records. 


THE TREND OF DEVELOPMENT. 


Before proceeding to an examination of the above considerations it may be of interest to take just a 
brief glance at the trend followed by Commercial Aviation since its inception. 


In Great Britain the organized transport of the public by air dates from 1919 when services to Paris, 
and later to Amsterdam and Brussels, were put into operation. 

In all cases the operating companies employed converted and obsolescent Royal Air Force aircraft 
with personnel lately released from the fighting services. This fact has exercised an important influence 
on the trend taken by Civil Aviation, which consciously or unconsciously in its early stages based its 
organization on military lines, not only in the choice of aircraft and equipment, but in methods of operation 
and utilization of staff. It must also be borne in mind that up to a comparatively recent date aircraft 
put into commercial service in this country had with one or two exceptions a strong resemblance to some 
Service prototype. In some instances design features were identical and certain components were even 
interchangeable while the same engines were fitted to both commercial and military machines. 

it may be assumed that this has been inevitable. To have embarked on the necessary research into 
the development of purely Civil types of aircraft and engines would have been beyond the resources of any 
commercial company and have involved government subsidies beyond the depth of the National purse. It 
has nevertheless been a retarding influence and I think it no exaggeration to say that it is only now 
becoming generally recognized that the requirements of Service aircraft have little relation to the require- 
ments of commercial aircraft, that commercial operational methods must be widely different from Service 
methods, and furthermore and of most importance, that the behaviour of engines and other equipment 
in the lightly loaded Service machines where life of units is subordinated to performance is no measure 
or indication of their efficiency when installed in heavily loaded commercial types which fly more regularly 
and for longer periods; and we have had examples of engines with a successful record in the Royal Air 
Force giving endless and serious trouble when installed in commercial machines. 

Service and Civil designs and methods are beginning to show greater divergence but the end of the 
road is not yet in sight. 

The same applies to personnel and even to pilots. Whereas until recently it was impossible for a 
pilot to obtain suitable training other than in the Royal Air Force, well organized civil training schools 
now exist, and it may be considered preferable for pilots to obtain their training into Civil Aviation 
methods from the beginning. 

These remarks imply no disparagement of the Royal Air Force—without extremely heavy expenditure 
Civil Aviation could not have developed without its aid, and its assistance has been incalculable not only in 
the development of plant and the training of personnel, but also in the survey of new routes, the 
inauguration of which has in many instances been greatly facilitated by the data collected, and the Aero- 
dromes and Landing Grounds prepared, by the Royal Air Force. 

At the commencement of post-war civil aviation, aircraft were infinitely harder to fly than they are 
to-day, the operation of the controls required greater physical exertion, mechanical efficiency was not 
nearly so high, and the possibility of frequent forced descents had to be faced. Certain of the aircraft 


employed had unfortunate characteristics of uncontrollability, and aids to navigation—as we know them 
to-day—were either non-existent or comparatively poorly organized. Civil Aviation owes an immeasurable 
debt of gratitude to those pilots who carried it through the difficult period of its early stages when the 
safety of the aircraft and the regularity of the services depended probably more upon their personal skill 
than upon any other factor. 

To-day the picture of the Air Line pilot as “the intrepid airman juggling with death” has passed 
away except in the imaginations of the more sensational journalists, and experience, steadiness and 
resource are qualities more to be desired than spectacular skill. This does not imply that the standard of 
pilotage is lower, but that it has altered. The selection of the air staff requires greater care than ever as 
with the increase in the size of aircraft more lives are entrusted to the care of the individual pilot. 

It was formerly thought that youth was an essential qualification and that the flying career of a 
commercial pilot must of necessity be short. To-day it is found that many of the best commercial pilots 
are approaching, if not actually in, middle age and there would appear to be no reason—providing they 
keep fit—why they should not continue flying until the approach of the sixties. 

Statistics amongst private-owner-pilots would probably indicate that those of middle age show a 
smaller percentage of breakages per flying hour than those under middle age—the reason probably being 
the caution which manifests itself with advancing years. 


The trend of design has been notable principally for the change over from wood to metal construction, 
for the increase in size and speed-range of aircraft, for improvements in comfort and control, for the 
progress in multi-engined designs and the change from water-cooled to air-cooled engines for commercial use. 

Possibly the most important of these has been the increase of speed range, i.e., the range between top 
and landing speeds. 

The landing speed is governed by the stalling speed, which is that speed insufficient to maintain lift ; 
formerly stalling was followed by loss of lateral control and invariably preceded a “spin” unless the nose 
could be promptly brought down and flying speed regained. 

The effects of stalling are becoming less grave than formerly because, apart from the valuable 
Handley-Page Slot device, progress in design is giving us wing sections and control surfaces by means of 
which stability and control are maintained beyond the actual stalling point. 

High landing speed makes landings into small aerodromes difficult, thus adding to the danger of forced 
descents. The development of wheel brakes has done much to ameliorate this by limiting the landing run. 

The introduction of split undercarriages in place of straight axle types, improved shock-absorbing 
arrangements (rubber blocks in compression and full oleo-pneumatic devices in place of wound elastic 
cord), low pressure tyres, and tail wheels in place of skids, has done much to reduce racking of the 
structure when manceuvring on the ground. 

Improvements in ease of control have been obtained by the development of improved balances, and 
Servo and differential systems of control in addition to added knowledge of the correct disposition of 
surfaces. The development of the gyroscopic “ Pilot Assister” is making navigation easier, saving fuel 
owing to a more direct course being steered and avoiding strain on pilots on long journeys. 

n regard to engines it is interesting to note that in this Country and in the United States of America 
air cooling is used almost exclusively, whilst on the continent of Europe, and notably in France and 
Germany, water cooling predominates. 

Air cooling was adopted in order to avoid the weight and considerable mechanical trouble given by the 
water-cooling system, and although it has entailed certain sacrifices in design efficiency, an increase in 
practical efficiency was obtained. 

For engines between 375 B.H.P. and 500 B.H.P. the increase in weight over the air-cooled engine of 
the water-cooled engine with its cooling system is in the neighbourhood of 0-4 lbs. per B.H.P. 

It is, however, by no means safe to predict that the water-cooled engine is dead for commercial use 
although probably steam will replace water as the cooling medium. Steam-cooled engines have for some 
time been used with success in the Royal Air Force. 

Developments in compression-ignition engines are progressing favourably and when successfully 
advanced will do much to further the design of long range aircraft. Hours between overhauls of engines 
have increased from about 100 hours to about 600 hours. 

It is also interesting to note the evolution of the monoplane. England is the last stronghold of the 
large commercial biplane and even in this country there are signs of it being finally abandoned—apart from 
other considerations it is infinitely easier to maintain. 
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The adoption of all metal construction has done much to decrease the rate of depreciation and 
losses of performance and efficiency in service. 

The comfort of the passenger accommodation of large aircraft has been increased to the equivalent of 
Pullman Car travel, and noise has been greatly reduced by the careful disposition of power plant and the 
insulation of cabins; and whilst in the early days the efficiency of services left much to be desired and 
operations were carried out rather on the principle of it being better to travel hopefully than to arrive, the 
standard of regularity has now risen to such a pitch that about 98 per cent. of scheduled services of most 
Air Lines may be expected to be completed without incident. 

Improvements in airway beacons and aerodrome night-landing equipment are making it possible to 
visualize a greater number of routes in constant day and night operation. 


SELECTION OF AIRCRAFT. 


The Certificate of Airworthiness of an aircraft is intended to provide ipso facto proof of structural 
safety at the time that the Certificate is issued and of the quality of the workmanship and materials embodied 
during construction, but it provides just that and nothing more. 

The Purchaser will therefore need to assure himself (@) that an aircraft satisfies any special require- 
ments for the route and service that he desires to operate, (b) that its mechanical efficiency renders 
it suitable for Commercial Operation in the broader sense of the term and’(c) that it possesses no qualities 
of performance which, although not dangerous under normal flying conditions and which would not 
preclude it from obtaining a Certificate of Airworthiness might make it tiring to fly for long periods or 
militate against a safe descent in emergency. 


CONSIDERATION OF RoUTE TO BE OPERATED. 


The crux of successful operation lies in the selection of aircraft in the light of specific operational 
requirements. 

Careful consideration must therefore be made of the route over, and the climatic conditions in which 
they will be required to operate. 

Atmospheric density and air temperature affects the take-off and climb, and an aircraft which is 
suitable for operation in England might have a poor or even dangerous take-off when operated from 
high altitude aerodromes in tropical climates. 

The topography of the route will also affect the design requirements, as aircraft must have a sufficiently 
good rate of climb to clear sharply rising ground across their course. Broken, swampy or wooded areas 
call for multi-engined aircraft having a rate of descent which in the event of engine failure will enable 
them to reach a safe landing ground. 

The fuel range must be decided in the light of the distance between aerodromes, and the effect on the 
cruising speed of strong seasonal prevailing winds must be taken into account. 

Land aircraft should not be operated on regular commercial service over stretches of water of a width 
approximately greater than the English Channel, and except for special charter work current types of single 
engined machines should not be used even for that; a regular air line across the Irish Sea, for instance, 
would require marine aircraft, although in certain circumstances the use of three-engined land-machines 
capable of climbing with one engine ont of action might be justified. 

Climatic conditions also affect the mechanical requirements. On tropical routes aircraft of metal 
construction will be found preferable to avoid the troubles caused by timber shrinkage; and despite 
the fact that they are heavier, thus entailing some sacrifice of pay load, and are in addition more expensive 
in first cost, the use of metal airscrews may be considered desirable. Wooden airscrews have been found 
to distort and decrease in pitch, and this is particularly serious if the engines are simultaneously losing 
power, as the R.P.M. will remain constant and serious loss of performance may ensue. 

Open cockpits have been found undesirable for tropical conditions, crews having shown a tendency 
to suffer from heat stroke even when wearing specially lined flying helmets; covered cockpits should 
therefore be provided to afford protection from the rays of the sun, and adequate ventilation must be 
arranged. Over long routes particular care must be taken with the arrangement of the cockpit seating and 
controls to avoid undue fatigue. 

When operating in humid climates and more particularly in marine atmosphere, special precautions 
are necessary to resist corrosion; the protection given to the normal land aircraft is frequently found 
insufficient under these conditions. 
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With regard to the engines, special cooling arrangements are necessary for the lubricating oil in 
tropical climates, also for water, if this is used as the cooling medium. In the case of air-cooled engines 
special cowling may be desirable. 

In Arctic latitudes precautions are necessary to prevent engines freezing up. Pipe lines should be 
lagged to retain heat, and special arrangements are necessary for heating oil and water prior to starting 
up. Arrangements for priming with a spirit of high volatility are also desirable. 

For routes passing over water lifebelts are necessary, the Regulations call for them to be carried on 
all flights at any point of which the machine is more than 10 miles from land. For desert routes 
special picketing gear and emergency wireless and other equipment and rations should be carried for 
use in the event of forced descents. 

For “ Joy-Riding,” where small fields are frequently used, the principal requirements are a good take- 
off, a good climb and a low stalling speed. A high cruising speed is unnecessary, but from a commercial 
point of view high pay-load and low fuel consumption are essential. 

For Special Charter work high speed is very desirable, also a good take-off and climb, but pay-load 
may be sacrificed, as a greater revenue per mile flown will be earned than on regular services. 

The instrument equipment to be carried will show only slight variation for different conditions of 
operation. 

+ For flight between one hour after and one hour before sunset, the Regulations require aircraft to be 
fitted with approved types of navigation and landing lights. In practice, this means that all except 
“joy riding” or instructional aircraft will be so fitted. 

Electric landing lights are to be preferred, magnesium wing-tip flares are approved, but as they have 
been responsible for setting fire to aircraft on several occasions, their use is not recommended. 

It is important that dashboard lighting should be so arranged that there is no possibility of the 
pilot’s judgment being affected by “dazzle,” particularly when landing. 

“Blind flying” instruments are now fitted on the majority of commercial aircraft, and comprise 
chiefly a turn and bank indicator (turn indicators are nie by the Regulations on all aircraft carrying 
five or more passengers, including crew) and a pitch indicator, but probably the most valuable 
navigational aid is an efficient wireless set. 

The Air Navigation Directions require wireless transmitting and receiving sets to be installed aboard 
all aircraft capable of carrying ten or more persons, including the crew. 

Signals and wave bands are laid down by the International Radio-Telegraph Convention of Madrid, 
and individual wave lengths are determined from time to time by Regional Conferences. 

Light and reliable aircraft sets have now been developed, and the weight of all equipment, including 
direction-finding and emergency gear suitable for the larger types of commercial aircraft is slightly 
under 120 lbs. 

The power input of the transmitter usually employed varies from 150 watts to 500 watts, with an 
average range of 250 miles, and small sets with a power input of 75 watts, and an approximate average 
range of 75 miles, are on the market. 

Power is obtained from a generator mounted in the air stream and driven by a constant speed 
variable-pitch windmill, and a 200 ft. trailing aerial is normally used. This is wound in on a winch 
before landing. 

To enable aircraft, flying low in conditions of bad visibility, to maintain communication with their 
aerodrome of destination until actually landing, frame aerials are now fitted; and experiments are being 
made with a view to increasing the range obtainable with these aerials, in order to minimise the possible 
danger of fire through static discharge. Instances have occurred of sets fusing in the air, and it is 
suggested that the discharge occurs through a bridge being formed by the trailing aerial between two 
oppositely charged clouds. 

The type of wireless installation to be carried on any aircraft must be determined in light of the 
route to be operated, the principal alternatives are :— 


(i) Use of long or short wave lengths. 
(ii) Whether telegraphy or telephony should be employed. 


(iii) Whether the direction-finding installation is to be carried aboard the aircraft or whether 
bearings andjor positions shall be determined by the ground stations and transmitted to the aircraft, 


6 


In Europe, the longer waves are generally employed—900 metres for communication with aircraft in 
flight, 1,300 metres for route messages, and 1,260 metres for the half-hourly interchange of weather 
reports. 

In tropical latitudes short waves are preferable in order to avoid static interference, but owing to 
inaccurate D.F. readings on short’ waves due to “Skip,” the medium 900 metre wave is employed for 
direction-finding. 

The latest published figures of the number of machines communicating with the Croydon wireless 
station show that the use of wireless telegraphy is increasing and radio telephony decreasing. 

Telephony has the advantage of possibility of operation by the pilot, thus eliminating delay between 
passing messages and receiving replies and reducing the number of crew carried, but for equal power the 
range is reduced by approximately one-third. 

Direction-finding equipment is invaluable as an aid to accurate navigation and this equipment may 
either be installed aboard the aircraft or reciprocal bearings given from ground stations. 

If the extra weight of D.F. equipment can be eliminated from the machine so much the better, but as 
the D.F. ground station must be separate from the ordinary station extra ground staff and equipment 
are necessary. 

The general introduction of the ‘ Visual Beacon” should do much to simplify wireless direction 
finding problems. 

The greatest problem in connection with emergency working on the ground after a forced landing 
is probably the driving of the generator, and in most cases this is effected by coupling up with a two-stroke 
compressor motor used for engine starting, the question of efficient cooling for this motor must be borne 
in mind when operating in hot climates. 


DESIRABLE FEATURES FOR MECHANICAL EFFICIENCY. 


be factors being equal, the simpler to maintain and the more “ Inspectable” an aircraft is, the safer 
it will be. 

Amongst the principal desiderata for mechanical efficiency are the following :— 

The whole structure including control systems, engines and installation must be readily accessible for 
inspection and maintenance work. Attachments of all main components must be easily visible. Cowling 
must be quickly detachable and sufficiently robust to withstand frequent removals and replacements 
during daily maintenance. Adequate inspection panels must be provided for all covered components. 

On large aircraft walkways must be provided on wings in way of engine mountings and in rear ends 
of fuselages to prevent damage to the structure by mechanics carrying out maintenance work, and to further 
facilitate this work fittings should be provided for the attachment of platforms and step ladders to those 
parts inaccessible from the ground. Footholds should be provided to assist inspection during refuelling. 

Attachments for engine lifting derricks are also desirable, and fittings on to which jacks may be 
engaged should be provided in order to facilitate lifting the aircraft off the ground for work on the under- 
carriage and rear end of fuselage. 

Slinging attachments on planes and other components too large to handle into place during erection 
are an advantage, they save considerable time and preclude the danger attendant on the use of improvised 
slings. Shackle attachments for towing and picketing are a necessity. 

Ease-of inspection of controls is of prime importance; cables passing over pulleys or through 
fairleads should be avoided, as these have been found expensive to maintain in good order, and chains and 
sprockets, or rods should be embodied. 

Points for gun lubrication of moving parts in the aircraft structure are essential for efficient 
maintenance, particularly at axles and other undercarriage parts, tail wheels and control rods. Protection 
against ingress of dust, and the efficient ventilation and drainage of fabric covered compartments must be 
borne in mind. — 

’ The range of vision from, and access to, the pilot’s cockpit should receive careful attention, and means 
of communication between passengers and crew must be provided. 

The arrangements for refuelling should be such as will enable this operation to be carried out in a 
minimum period, it is useless carrying passengers through the air at high speed if time is wasted on the 
ground. 
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Every detail of the design, and the constructional methods adopted must be examined in the light of 
practical experience in an endeavour to preclude recurrent failures in service, to secure a life of units 
which will entail overhauls and replacements at periods in keeping with economic practice, and to ensure 
that such overhauls or replacements will require a minimum of time to be spent on them. From an 
economic point of view an operator must reduce to a minimum the time spent by his aircraft on the 
ground. 

It must be borne in mind that whilst construction may be sufficiently rigid to enable an aircraft to 
safely withstand the stresses to which it is subjected in flight, it may be such that constant damage and 
deterioration will occur during handling on the ground or whilst maintenance work is being performed, 
furthermore it has frequently been found that strut ends and fittings which when new have had ample 
factors of safety under all applicable conditions of loading have had bearing areas of such insufficiency as 
to set up rapid wear through vibration. The use of headed pins for the attachment of struts or other 
fittings has been found to accelerate wear if any vibration is present, and nuts and bolts should be used 
wherever possible. 

In deciding upon the type of construction to be adopted, ease and cheapness of repair after an 
accident should be borne in mind, it is also important that Repair Schemes should be drawn up with 
the initial design, and not left until breakages occur in service, when it frequently becomes apparent 
that a small alteration in the original design would have made possible a cheaper and easier repair. 

Repair Schemes will be required principally for fuselage members and wing spars and ribs. 
Reaming limits of strut ends should also be determined before a machine is adopted for service. 

In the case of large aircraft, facilities for loading and transport after accidents should be visualized 
and suitable provisions made in the design. 

With regard to engines, adequate tests under conditions equivalent to those prevailing on service with 
full load should be carried out before any type is accepted. 

An engine is not considered a permanent part of the aircraft. When it requires repair or overhaul it is 
remoyed and another engine of the same type is installed in its place, the accessibility of the installation 
and the ease and speed of changing engines is therefore of paramount importance. 

Engine installation defects have in the past provided more than their fair share of forced landings 
and added more than their fair share to the maintenance costs. Careful attention must therefore be 
given to ensure that there is no possibility of air or vapour locks developing in petrol, oil or water systems. 
Flexible petrol pipes should be installed in order to minimise danger of breakage through vibration. Tanks 
should be resiliently mounted. Small diameter oil pipes should be rubber covered to preclude leakage if 
they break. Electric wiring should be such as will entail minimum risk of short circuits. Filtration and 
drainage must receive careful attention, and the leads of pipes, flexible drives and thermometer capillaries 
must be such as will not hinder accessibility and their attachment should be such as will ensure minimum 
risk of breakage through vibration or chafing. : 


PRINCIPAL CONSIDERATIONS FOR THE SPECIFICATION OF A COMMERCIAL AIRCRAFT. 


After all features of the route have been reviewed, conclusions may be formed regarding the 
performance, special design features and equipment desirable, and these conclusions, bearing in. mind 


Peaaemnraye for general mechanical efficiency as outlined above, will enable a specification to be 
rawn up. 


The principal points to be determined are :— 
1. The fuel range. a 
2, The minimum cruising speed desired and at what height this is to be maintained. 
3. The weight and capacity necessary for the pay load—number of passengers and crew, and 
quantity of freight and/or mails, with suitable dimensions of cabins and baggage holds. 
4, The number of engines desired. 
5. The minimum rate of climb and Service Ceiling (i.e., that height at which the rate o 


climb is 100 feet per minute) and the maximum rate of descent desired; with all engines 
running, and with one, two, or three out of action, depending on the total number installed. 


| 
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The specifications of a number of suitable aircraft may now be examined for coincidence with the 
specification drawn up, and the following information will be required as a guide to comparative 
performances and economy of operation. 


1. Purchase price. 


2. Petrol consumption expressed in terms of gallons per 1,000 lb. of “pay load and crew” 
per 100 miles at cruising speed; the grade of petrol it is proposed to use being specified. 


3. Oil consumption per engine per hour. 

4. Total weight and superficial dimensions of aircraft. 

5. Wing loading. 

6. Power loading at normal power expended for cruising with all engines running, and with 
one, two or three out of action. 

7. Stalling speed at sea level. 

8. Take-off and landing runs. 

9. Top and cruising speeds. 


All performance requirements must be confirmed by suitable flight tests, during which it should be 
ascertained that the aircraft possesses no vices or peculiarities of control under the various contingencies 
likely to occur in service. 


THE COMMERCIAL ASPECT. 


While the dictates of safety can receive no compromise, certain compromises in the ideal mechanical 
requirements must be made on the score of commercial efficiency and the following brief notes are offered 
on this subject. 


The commercial success of any undertaking is measured by balancing revenue against expenditure. 


In an aircraft the revenue-earning capacity is indicated by the paying-load figure (as distinct from the 
useful-load figure) ; but it must be borne in mind that the air traveller of to-day expects to be conveyed 
speedily and in comfort not inferior to that provided by first-class railway travel. Sacrifices of speed and 
comfort to high pay-load may therefore be reflected in the ‘load-factor,” i.¢., the average percentage of 
capacity used per journey. 


The operating expenditure is represented by :— 
(a) The direct running costs (fuel and oil and salaries of crew), and 


(0) The indirect running costs (the cost of labour and material expended in the maintenence, 
overhaul and repair of engines and aircraft). 


These are usually calculated on the ton-mile basis. 


After an examination of the specification of an aircraft it is a simple matter to delermine the direct 
running costs, but the indirect running costs can only be estimated after a very careful study of the detail 
design ; and in addition, in the case of engines, of data provided by suitable tests. 


There is furthermore no guarantee that the machine will be an “ Honest Aircraft,” i.e., that owing to 
the nature of its construction it will not deteriorate in performance owing to components getting out of 
shape and truth and becomming “soggy,” and that it will not increase in weight owing to the use of 
hygroscopic material and as a result of modifications found necessary in service. Reduction in revenue- 
earning capacity and increase in direct running costs resulting from these causes is unfortunately all too 
common. 


On one type of aircraft with a maximum permissible all-up weight in the neighbourhood of 16,000 lbs. 
it was found that after three years the average cruising speed on service was slower by 17 miles per hour, 
or 12 per cent., than when it passed its acceptance tests and that the modifications and extra equipment 
found necessary in service had increased the tare-weight by an approximate average amount of 400 Ibs. 
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The commercial value of an aircraft cannot therefore be assessed in the light of pay-load alone nor 
yet pay-load plus direct running costs as indicated by flight trials when new, and the points indicated above 
must be taken into account. 

The average revenue from the carriage of one pound of pay-load for one hundred miles is 24d. An 
aircraft if efficiently operated on regular service may be expected to fly 175,000 miles per annum. Every 
ten pounds sacrificed to extra structure weight will therefore mean a hypothetical annnal sacrifice of £182 
of revenue or assuming an average load-factor of 80 per cent., £146 per annum. 


It may therefore pay to scrap units more frequently than to appreciably reduce the pay-load and this 
must be borne in mind and a careful balance struck when considering the detail design. 


Another point to be borne in mind—when considering the purchase price—is the present high rate 
of obsolescence which is generally computed at 25 per cent. and is due to rapid changes of design, making 
succeeding types considerably cheaper to operate if costs are computed on the ton-mile or passenger-mile 
basis. 


AERODROMES. 


Aerodromes for use in connection with an Air Line fall under the following main headings :— 


Terminal Aerodromes. 
Intermediate Stops. 
Occasional Stops and Emergency Landing Grounds. 


The basic requirements of the site from an aspect of safety will be identical for each, the difference 
being in the equipment provided. Location in the light of commercial efficiency requires careful study, 
but such considerations are beyond the scope of this paper. 


Intermediate Stops should be organized on the lines 6f Terminal Aerodromes as far as economic 
considerations allow. An Intermediate Stop on one route will frequently be the Terminal Aerodrome of 
another. 


SELECTION OF THE AERODROME SITE. 


The main requirements are as follows :— 


The landing area should be such that a clear run of 600 yards is provided in all directions. This 
measurement may be taken as a minimum for permanent aerodromes in climates similar to that of these 
Islands intended for use by all classes of aircraft. 


Local conditions of high temperature and low density will call for a longer take-off run; and conversely 
aerodromes restricted to the use of light aircraft with a good take-off may be smaller in extent, but the 
clear run provided at such aerodromes should not be less than 400 yards. 


The surface should be reasonably level, the maximum average gradient in any direction being 
approximately 1 in 50. The gradient of local undulations should not be more than 1 in 40. 


The nature of the subsoil should preferably be such as will afford a firm and resilient surface. If in 
summer the surface becomes too hard aircraft landing heavily are liable to suffer damage and, apart from 
personal annoyance, excessive dust blown up by aircraft when taking-off or running engines accelerates 
wear in moving parts. In winter the aerodrome should not swamp or hoe up into ruts causing racking of 
the aircraft structure when taxying. Machines are liable to turn over after landing on soft or swampy 
ground. 


The surface should withstand a pressure of one ton per square foot—a good rough test is to drive a 
fully laden three-ton lorry over the aerodrome after which it should not be unduly rutted. 

Apart from drainage, artificial means of securing suitable surfaces have been resorted to with success. 

In the United States of America concrete and tarmac runways, about 400 feet wide and so disposed 
as to provide for vaking-off in any wind-direction, are in common use. For laying dust various forms of 
tar-oil dressings have been developed. 
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Sites at a high altitude should if possible be avoided, as apart from loss of performance which aircraft 
suffer at altitude, the aerodrome may at certain times be just below the clouds, and aircraft will be 
flying in cloud immediately after the take-off. It has been found in practice that it is necessary to provide 
for an increase in the normal take-off run at sea level of from 25 per cent. at 4,000 feet to 100 per cent. 
at 8,500 feet. 

Aerodromes should not be established in areas known to be foggy, and those in the vicinity of 
industrial towns with smoky chimneys should preferably be on the windward side of the town—in the 
prevailing wind direction. They should not be situated in a depression necessitating a sharp climb 
after the take-off, engine failure during a take off from such aerodromes might result in serious 
consequences. ‘The ideal site will be slightly higher than the surrounding country. 


Sites with high buildings, telegraph wires, trees, or other obstructions on the boundaries should be 


avoided, as the effective take-off run is reduced by 10 times the height of the obstruction. Such aerodromes 
must therefore be larger in extent. 


Overhead electric high-tension cables are an increasing danger to Aerial Navigation and aerodromes 
should be as far from them as possible. 


In Great Britain commercial aircraft are not permitted, except in cases of force majeure, to use any 
place for arrival or departure which has not been licensed by the Air Ministry. The requirements given 
above are in the main those called for before licences are issued. 


Full particulars of the permanent aerodromes in Great Britain will be found in Vol. I of the “ Air 
Pilot,” published by His Majesiy’s Stationery Office. This publication also gives information regarding 
prohibited areas, certain aerial corridors, and facilities for obtaining weather reports. 


Aerodromes may be restricted as to the types of aircraft permitted to use them and the loads with 


which these may take-off. In considering operation from an established aerodrome it should therefore 
be ascertained whether such restrictions exist. 


Dangers to navigation, temporary obstructions to aerodromes, etc., are published from time to time 
by the Air Ministry as “ Notices to Airmen,” and are issued to all concerned. 


AvroDROME BuiLpines anp Equipment (TerminaL AERODROMES). 


The aerodrome buildings may be placed anywhere so long as they do not restrict the take-off run, 
and considerations of the road or rail approach will usually determine their location; some operators 
prefer them in the centre of the aerodrome, but they are more usually placed on a boundary, preferably in 
such relation to the direction of the prevailing wind as to reduce taxying to a minimum. 


Buildings should be kept as low as possible, but hangars should be of such dimensions as will house 
the largest type of aircraft using the aerodrome, with its wings spread, in order that maintenance work 
may be performed under cover and with adequate light. 


The exception with regard to height of buildings will be the Control Tower, from which all traffic 


movements are directed and which should command an unrestricted outlook over the whole aerodrome 
and its aerial approaches. 


Wireless masts should, if possible, be erected two to three miles from the aerodrome, and wireless 
working carried out therefrom by remote control. A transmitter with a power input of from 3 k.w. to 
4 k.w. is usually provided and the Wireless Operators should be in direct communication with the Control 
Officer and within easy reach of the Meteorological Office. 


Aircraft normally land and take off into the wind in order to reduce speed on the one hand and to 
obtain maximum lift on the other, wind indicators must therefore be provided, and may take-the form of 
smudge fires, wind cones or “tees,” or other suitable devices; when there is no wind the Regulations 


require a “tee” to be fixed in the direction best suited for landings and a black ball to be hoisted on a 
mast on, or adjacent to the Control Building. 


At Aerodromes regularly used for night landings the wind indicator should be illuminated. 


Illuminated wind sleeves have been found unsatisfactory, and “Tees” fitted with wind-vanes and mounted 
on ball-bearings are usually employed. 
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The following further equipment is required for night landings :— 

1. FLoopiigHTs.—These should be movable and be set into wind to allow pilots to land down the 
beam to avoid dazzle. Floodlights with a 10 k.w. gas-filled lamp giving 85,000 c.p. have been found 
satisfactory, and to give a softer light than that provided by arc-lamps. 

The vertical angle of the beam should be kept as small as possible to allow the pilot to judge 
accurately his height above the ground. 


2. Location Beacon.—The red Neon light has so far proved the most successful for penetrating 
fog ; the Neon tubes are usually arranged in the form of a truncated cone, and the beacon assigned a 
definite flashing signal. 

3. OBstrucTION Licurs.—These are fixed to the tops of buildings, masts, etc., on the Aerodrome 
perimeter or sufficiently near thereto to constitute a source of danger. ‘These lights are red in colour, of a 
fixed character, and a 60 watt to 100 watt lamp is usually employed. 

4, Bounpary Liaurs.—These are of a flashing character of the same power as the obstruction lights, 
and are set up at 100 yard intervals around the landing area. ‘They are usually set to give approximately 
60 flashes per minute, and may be either red or orange in colour. Orange is to be preferred to clearly 
differentiate them from the obstruction lights. 

Paraffin flares to form a flare path should be kept on hand for use in the event of failure of the flood 
light, and a supply of rockets is also desirable to attract the attention of aircraft in foggy weather. 

Refuelling equipment, preferably with mechanically operated pumps, must be installed and tank man- 
holes should be fitted with watertight covers and filling-nozzles with hoods. 


AERODROME CONTROL. 


Adequate aerodrome control is essential, and an Official should be on duty at all times as the 
representative of the Controlling Authority. 

There is a growing tendency for aerodromes at which Air Lines touch to be controlled by the 
Government of the Country or by the local Municipality, and not by individual Operating Companies, and, 
from an aspect of safety, impartial control may be considered an advantage. 

This control must cover the actions of all persons and aircraft using the aerodrome, as well as 
ensuring that it, and its equipment, is kept in suitable condition and that the functions of the wireless 
and meteorological offices are co-ordinated with the requirements of the Services operated. 

It is the duty of Pilots to ensure, before taking off, that there is no aircraft about to land or that 
they are not taking off too soon after another aircraft, nevertheless it is advisable at busy aerodromes to 
signal aircraft away in turn from the Control Tower, similarly, aircraft about to land must be delayed by 
visual signal (red Verey light) when need arises. 

Before landing, aircraft must make one complete circuit of the aerodrome 500 yards outside its 
boundary, and after taking off they must not turn until 500 yards outside the boundary. 

It is the duty of the Control Officer to pass to the aircraft by wireless all navigational warnings that 
may be necessary. 

The movements of passengers and spectators must be controlled, both for the sake of their own 
safety and for that of the aircraft. 

A public enclosure should be provided for casual onlookers, and this should have a second set of 
railings set up about 10 yards in front of the enclosure railings proper, in order to preclude danger to those 
within it in the event of a machine taxying into the railings or landing “short” over them—unfortunately 
loss of life has already occurred to onlookers in public enclosures. 

Passengers should be escorted to and from aircraft, and, until they are safely aboard, guards should 
be placed in front of propellers. 

Wheel chocks of suitable size should be provided, and their use rigorously enforced prior to starting 
engines, in order to prevent machines taking charge. 

In order to reduce the risk attendant on the manceuvring of aircraft on the ground in high winds, 
sufficient staff should be maintained to assist in handling them into their hangars when necessary. 

Adequate preparations must be made to safeguard life in the event of a crash, and aerodromes should 
possess an ambulance, or at least two stretchers and a first-aid kit, and a fire tender equipped with 
chemical extinguishers suitable for dealing with petrol fires. Grab hooks, crowbars, jack-knives, axes and 
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wire cutters are also necessary to extricate occupants from the wreckage, and now that so many metal 
aircraft are in operation quick acting tube cutters should be provided. It is also important, in addition 
to providing this equipment, that the staff be trained to use it efficiently. 

Obstructions, such as soft spots, crashed aircraft, work in progress on the surface, must be flagged by 
day and lighted with red lamps by night, and their existence notified to other aerodromes on the route. 


AERODROMES IN OccasIonaL Usk. 
Aercdromes in occasional use come under two main headings :— 


1. Those maintained to provide for emergency landings on occasions of adverse weather or 
mechanical trouble. 


2. Licensed fields used only periodically for “ Joy-Flying” or Special Charters. 


1. The basic requirement for a forced landing ground is a good aerodrome surface, and no elaborate 
equipment is necessary. All forced landing grounds should, however, be provided with a telephone and wind 
indicator and a caretaker should be in charge who will be responsible for keeping the landing area free 
from obstructions and ensuring that any which may develop are flagged by day and, if necessary, lighted 
by night. He must also be prepared to set out a flare path on receiving warning of a night landing, and 
keep in good order such plant and equipment as may be provided. 

If no hangar exists an ample number of suitably sized chocks and screw pickets and lashings should 
be kept available. 

A supply of fuel and suitable filling appliances should be kept at all emergency landing grounds, and in 
the interests of speed it is preferable to install an underground storage tank and hand pump. 


2. The term Licenced Field implies merely a piece of ground suitable for landings and take-offs. 

These fields are usually the property of farmers or other land owners, and arrangements are made 
for their use as required. 

Before any machine lands it should be arranged for a competent person to make a thorough survey 
of the surface to ensure that the grass is not too high for a safe landing, to clear or flag any obstructions 
or soft spots, and to erect a wind indicator or lay a landing tee. Sea beaches come under the general 
heading of “Licensed Fields” and care should be taken to remove drift wood and flag such obstructions 
as outcrops of rock not easily visible from the air. 

Such equipment as may be necessary must be provided by the Organization using the field for the 
time being. 


THE OPERATIONAL ORGANIZATION, 


The foremost consideration is the selection of pilots. In Great Britain commercial pilots are required 
to hold an Air Ministry licence in category “B,” detailed requirements for this licence will be found 
in the “Air Navigation Directions.” The principal qualification is to have flown for 100 hours in sole 
charge of an aircraft, but this figure would not, in general, be considered sufficient for regular Air Line 
work and a minimum of about 400 hours is usually required. 

Since 1926, these licences have been issued to both sexes, and pilots are required to present themselves 
for re-examination by the Air Ministry Medical Board every six months in the case of men, and every four 
months or after confinement or miscarriage in the case of women, and in both cases after any accident or 
illness or after having carried out 125 hours flying in 30 consecutive days. 

Aircraft carrying more than 10 passengers are required to carry a Licensed Navigator, who is in 
practice usually the pilot, but all pilots require to possess a knowledge of navigation and meteorology and 
their training should include “blind flying” in order that, given the necessary instruments, they may 
bring their aircraft safely through darkness or unfavourable weather conditions. 

The remainder of the crew to be carried is arranged in the light of operational requirements and will 
depend upon the size and type of aircraft, but on all except the smallest (2-3 seater taxi machines) where 
the weight cannot be spared, it is usual to carry an engineer in order that prompt action may be taken 
to effect repairs and to attend to the general safety of the aircraft in the event of forced descents. 

It is advisable that these engineers should be capable of taking control in the air in order to relieve 
the pilot for attention to navigation, and all modern commercial aircraft are fitted with dual control. 
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It is essential that the action to be taken by each member of the crew in the event of emergencies 
should be predetermined and made clear by written instructions. These instructions should cover fires in 
the air, forced descents of land planes on water, and set out the precautions to be adopted for safeguarding 
the aircraft and its load after involuntary stops on land. 

To ensure that maximum range may be obtained in the event of engine failure the optimum gliding 
angle, and, in the case of multi-engined aircraft, the cruising revolutions of functioning engines, should 
be determined by experiment and the height at which stretches of water of various widths are to be 
crossed by different types of machines should be laid down. 

New routes require careful survey, after which suitable aerodromes will be established and aerial 
corridors chosen in light of the landing grounds available and the absence of excessively foggy, bumpy 
or other undesirable areas. 

As will be seen from the map of a portion of the London-Paris route printed below, Air Lines 
seldom follow a bee-line. 


CANT. ay 
(Bekesbextrne)® 


OMardstone 


Cranbrook 
LITTLESTON 


PORTION OF ONE OF THE LONDON-PARIS AERIAL CORRIDORS. 


Efficient route maps must be prepared and carried on all journeys. 
Desert routes and those passing over water call for a pre-arranged rescue scheme to be put into 
operation by Terminal or Intermediate aerodromes. 
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A complete scheme for wireless communication with the aircraft in flight should be drawn up, 
whereby the aircraft will periodically report its position and receive weather reports, navigational 
warnings, etc. The communication scheme should include provision for reports of the movements of 
aircraft after breakdown of its wireless equipment if sea crossings or bad stretches of country are involved, 
in order that failure to report may presuppose a forced descent and ensure the prompt provision of 
assistance. 

In this and most other European countries, the meteorlogical organization and wireless ground 
stations are maintained and operated by the Air Ministry, it is therefore necessary for the operator to 
draw up his scheme in conjunction with the responsible officials. In practice it usually means that the 
scheme is drawn up for the operator. 


Weather forecasts and reports of weather over the route must be provided for the pilot prior to the 
departure of each service; even on special charter flights where the destination is a licensed field, the 
pilot should not commence a journey without obtaining an indication of the weather conditions at the 
point of destination. 


Aircraft should not be permitted to leave any aerodrome if there is likelihood of its arrival at the 
aerodrome of destination after nightfall and this aerodrome is not equipped with other than emergency 
night landing equipment. 

The greatest care must be taken to ensure that aircraft are not overloaded. Before the commence- 
ment of each journey, the crew, their equipment, and each passenger and every item of baggage and 
freight must be weighed, and a load sheet prepared and signed by the pilot. Prevailing weather 
conditions must be taken into consideration when deciding on the amount of fuel and oil to be carried, 
and an allowance must be made for navigational errors. 

All load should be disposed evenly fore and aft of the centre of gravity of the aircraft in order that 
the trim may not be upset. 

“Rules of the Air,” somewhat on the lines of the “ Regulations for the Prevention of Collisions at 
Sea,” are published in the “Air Navigation Order.” 

The question of ground control of pilots in flight is again the subject of controversy; the position 
of the pilot of an aircraft in flight is analagous to that of the captain of a ship at sea, and the solution 
may be that he should be instructed from the ground when and where to land if conditions further along 
his route are unfavourable, but that he should not be required to set off in, or proceed through, 
conditions which he personally considers to be unsuitable. 

Notes on the handling of passengers will be found under “ Aerodrome Control,” and precautions to 
be observed on forced landings may be based on those set out below in ‘‘Operations other than on 
Regular Routes.” 


MAINTENANCE OF THE FLEET. 


The keynotes of successful maintenance are the systemization of all working operations and 
unremitting vigilance of inspection. 

The first step therefore is to determine at what periods the various inspection, maintenance and oyer- 
haul operations are to be carried out and to draw up detailed Schedules describing them. 

These Schedules should set out in precise detai] exactly what each inspection should cover and what 
work is to be done during each maintenance routine or overhaul, even down to such apparently minor 
items as the number of drops of oil to be given to magnetos. 

The compilation of the Schedules requires careful study in the light of individual design, and the 
periods at which they are to be carried out will vary with different types and should be amended from 
time to time as experience in service may dictate. 

These periods should be calculated on hours flown and not on air miles as the latter basis may not 
provide a true indication of the work performed by the machine. 

The average commercial aircraft of to-day is operated at a cruising speed of around 100 miles per 
hour and in stages of between two hundred and four hundred miles, and it is capable of carrying out 
about 15 hours flying before any major routine work is necessary. 
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At Intermediate Stops the aircraft will therefore receive merely an inspection to ensure that no defects 
have developed and maintenance work will be performed only at Terminal Aecrodromes or if a long 
route is operated, also at certain pre-arranged Night Stops. 


At Terminal Aerodromes Inspection and Maintenance Staffs should he independent and under entirely 
separate control although their sequence of duties must be carefally co-ordinated. The maintenance 
department should be divided into two sections, one to deal with engines and the other with aircraft 
to ensure specialization of duties. At Refuelling Stations and Night Stops it is neither practicable 
nor necessary to maintain separate Inspection and Maintenance Staffs. 


The arrangement of the principal Schedules should be somewhat on the following lines (the periods 
given are purely hypothetical) :— 


Schedule I.—Routine examination at Intermediate Refuelling Stations | A.—Aireraft and Equipment. 


| B.—Engine and Installation. 
{ A.—Aireraft and Equipment. 
| B.—Engine and Installation. 
{ A.—Aircraft and)Equipment. 
| B.—Engine and Installation. 
» IV.—Maintenance routine after 15 flying hours (Terminal | A.—Aircraft and Equipment. 
Aerodromes) ... An 5 ee ... | B.—Engine and Installation. 
»  V.—Routine for examination and enginejtest after Schedule IV 
and prior to issue of “Daily Certificate of Safety for 
Flight” ace ie et HS aa Pe 
»  WlI.—Inspection during and after Maintenance Schedules at | A.—Aircraft and Equipment. 
Terminal Aerodromes. (Inspection Dept.)... B.—Engine and Installation. 
» VII.—Examination of engine mounting and installation and | A.—Aircraft and Equipment. 
routine to be carried out on engine change... B.—Engine and Installation. 


»  1[.—Examination and maintenance routine at Night Stops.. 


»  I1.—Examination after 15 flying hours (‘Terminal Aerodromes) 


A.—Aircraft and Equipment. 
B.—Engine and Installation. 


Special instructions should be issued regarding the inspection and overhaul of components or equip- 
ment which do not require attention as frequently as every 15 hours, but which cannot be left until the 
annual overhaul, as, for instance, jacking-up aircraft for examination of undercarriage after every 100 
landings, draining petrol tank sumps every month, inspection of lifebelts every two months, and so forth. 


The periods for engine overhauls must also be stipulated, but it should be within the discretion of the 
Maintenance or Inspection Departments to call for the overhaul of any engine after a lesser period if they 
consider it advisable. 


On certain types of engines it may be necessary to drain and flush through the oil system between 
overhauls. 


No hard-and-fast rules covering the maintenance of every aircraft and engine can be laid down, and 
decisions must be made after an investigation of operating conditions, and of the construction and 
behaviour in service of individual types. 


Then follows the arrangement of a system of records which will enable the routines and overhauls to 
be co-related to the flying carried ont and which will form a complete history of the aircraft and engines 
from which may be seen when, where and by whom each flight, each inspection and each item of work has 
been performed ; in addition to showing changes of components and providing data from which may be 
evolved statistics on fuel and oil consumptions, life of units and all relevant information which will 
speedily show up recurrent defects and enable improvements to be effected in the aircraft, and revisions to 
be made in the nature of the schedules and the periods at which they are to be carried out. 


It has been found advisable to have sets of the various report forms and certificates covering Pilotage, 
Inspection, Maintenance and Refuelling bound together. This makes for convenience in handling, and 
in the event of Pilots being changed at intermediate stations the new Pilot may see at a glance the 
performance of the machine as found by the last Pilot, Intermediate Stations may note what work has 
been performed at previous stops, and on return to the Main Terminal Station the history of the aircraft 
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since departure will be evident and may be used as a guide to work necessary; furthermore, should shift 
work be in operation at the Terminal Aerodrome, work in progress may be handed over from one shift to 
another with minimum risk of anything being overlooked. 


The necessary forms will comprise :— 


1. The “ Daily Certificate of Safety for Flight” required by the Air Ministry Regulations, a 
carbon copy being left at the station of origin. 


2. Reports on the behaviour of each engine and the aircraft during flight, a separate report 
being made for each stage of the journey ; these reports should include mean instrument readings, 
reports on trim and control, range and wavelengths of wireless equipment and remarks on defects 
noted or suspected. 


3. Certificates of examination at Refuelling Stations. 


4. Certificates of the amounts of petrol, oil and water added at each stage of the journey. 
This is important in order that consumptions may be checked. The amonnt of water added—if 
water-cooled engines are employed—is a check on internal water-leaks which normal inspection 
cannot detect. 


5. Certificates of examination and routine at Night Stops. 
_6. Certificates of examination at Terminal Aerodromes and report of defects found. 


7. Certificates of routine at Terminal Aerodromes and reports on work performed for the 
rectification of defects in the reports alluded to above. 


8. Certificates of engine test prior to service. 


9. Certificates of check inspection during and after maintenance routines and of other work 
performed at Terminal Aerodromes. 


The following is the outline of a scheme which may be considered satisfactory. The crux of it is 
the double check on, and careful recording of, all work performed. 


After having received the necessary inspections and routines, aircraft will leave the terminal 
aerodrome with a new “Daily Certificate of Safety for Flight.” 


At Refuelling Stations, where the time on ground will vary from half an hour to one hour, the Station 
Engineer will carry out Schedule I, which will consist of a verification of the correct running of the 
engines on the ground and a visual examination of the engines and aircraft structure. Apart from the 
correction of any defects which this inspection may reveal, or which may be noted in the Flight Report, no 
maintenance work will be performed, and the inspection will entail no dismantlement except removal and 
examination of scavenger oil filters, which forms a check on the soundness of the internal structure of 
the engine. 

At Night Stops Schedule II will be carried out, and this will cover sufficient detail to enable the 
Station Engineer to sign the “ Daily Certificate of Safety for Flight” required before the machine leaves 
the next day; it will, however, be on much the same lines as Schedule I. 

If on long routes a “15-hour routine” (Schedule IV) is necessary at a Night Stop, the Station 
Engineers, together with the Flight-Engineer of the aircraft, will also carry out Schedules III and V. 

On return to the Terminal Aerodrome, the engines will first of all be given a ground test, and the 
machine will be refuelled and consumptions checked, then, prior to inspection, the engines and main 
parts of the aircraft structure should be cleaned down to ensure that no defects are hidden by dirt. 

Thereafter, Inspection Schedule III, Sections A and B, will be carried out, and this should be done 
by the “Leading Hands” of the engine and aircraft maintenance staffs respectively. 

Schedule III will entail a complete inspection of the structure, after which all defects found will be 
entered on the appropriate inspection forms. 

The “ Leading Hand” carrying out inspection on one machine will then take charge of maintenance 
work (Schedule [V) on another, for which he will sign the new “Daily Certificate of Safety for Flight” 
in respect of engines or airframe as the case may be. 
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The routines comprising this Schedule will deal with such items as changing sparking plugs, cleaning 
filters, checking and adjusting valve clearances, checking magnetos and cylinder compressions, and 
the lubrication of moving parts of the aircraft, in addition to the rectification of defects on the 
inspection reports issued under Schedule ITI. 


Schedule VI will be performed by members of the Inspection Department, and will imply a check on 
the report of defects issued by the “Leading Hands” to ensure that none have been missed, and will 
include inspection of work in progress to ensure its proper performance, and that defects are being 
rectified in the most efficient possible manner. 


Each item of the Schedules should be numbered consecutively, and in the event of either part A or 
part B of Schedule IV being split up between two men, each will sign for those particular items he has 
carried out, and each man will enter and sign for what he has done to rectify each defect noted on the 
Inspection Reports. 

At the conclusion of this work each “ Leading Hand” will carry out a final inspection (Schedule V.) of 
that portion of it carried out under his supervision and will sign a certificate to this effect before signing 
the new “ Daily Certificate of Safety for Flight” ; the ‘“ Leading Hand” responsible for the engine work will 
in addition test the engines on the ground and record the instrument readings as required by a further 
Certificate. 

The Inspectors will sign a covering Certificate of having carried out Schedule VI and checked all 
work done. 

Schedule VII will cover that detailed examination of the engine mounting and installation which it 
is impossible to carry out with the engine in place. 


Minor failures can have such serious results that the institution of a system which provides for a 
double check and all possible precautions against errors arising out of the ‘“ human element” is essential. 

The breakage of a pipe to an oil pressure gauge or a cowling skewer falling off would be unimportant 
on surface craft but would entail the forced landing of an aircraft; the former defect would cause eventual 
leakage of all the lubricating oil and the latter might jamb controls. Nuts coming adrift might in them- 
selves be unimportant, but they can break a pusher airscrew and jamb and break a magneto drive. None 
of these defects could be dealt with in flight, and if no suitable forced landing ground was readily available 
they might lead to serious consequences. 

A warning must be given against over-routining—one cannot have too much inspection—but in 
certain cases too much routining can be almost as bad as under-routining. For instance, it was found in 
actual practice that the life of magnetos was appreciably lengthened and that fewer failures occurred in 
service after a routine item was altered from “ check and adjust” to “ check and change if necessary.” 


Tests of engine running on the ground can also be overdone. Instances have been observed where, 
without tests for any particular defects being necessary, engines have been given seven separate ‘ runs- 
up” between arrival at the Terminal Aerodrome and their departure on the next scheduled service 
on the following day. 

Special attention must be paid to tools, plant and equipment, and special tools and plant must be 
provided where necessary. Improvised extractors, the use of chisels on ring nuts, pliers or shifting 
spanners on hexagonal nuts, or a length of gas barrel on a spanner to remove a refractory nut must on no 
account be permitted. Serious consequences have arisen as a result of the straining and distortion of 
parts during erection. 

Hangar lighting must be efficient and in addition suitable torches and/or hand lamps must be provided 
for inspection. 

Jacks, slings, trestles, etc., must be specially made or properly adapted. Apart from wasting time, 
improvized plant means risk of damage to the aircraft. 


Suitable platforms must be provided for working on inaccessible parts of the machines. Efficient 
maintenance work cannot be carried out from the top of a rickety step ladder and such conditions encourage 
skimping of inspection. 

In addition to the necessity for cleanliness as an aid to efficient inspection, dirty, damp and oily 
doped-fabric and timber surfaces deteriorate rapidly and not only cause extra expense during overhauls, 
but increase weight and skin-friction and reduce performance. 
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Varying conditions of operation will call for special maintenance precautions. For instance, on sandy 
aerodromes vent pipes and air intakes must be covered against the ingress of blowing sand. Aircraft 
standing in hot sun for any length of time should have tyres covered to prevent bursts, and engines and 
propellers covered if standing in rain. Operations in a marine atmosphere calls for special “ routining ” of 
metal parts, and a special periodic inspection for timber shrinkage must be made during the first 18 
months’ operation of new aircraft in hot climates. 

Even in this country, summer and winter operations call for special precautions, e.g., lagging of pipes, 
etc., in winter, and in summer the provision of extra engine cooling and checks on the shrinkage of wooden 
propellers in their hubs. 

The overhaul of engines and aircraft should be carried out by separate Departments with their own 
Inspectors attached to them, and here again special effort must be made to secure perfect cleanliness and 
adequate light, and to provide special tools and plant, and proper heating to prevent rust. 

The Aircraft Overhaul Shop should be kept at a suitable even temperature without draught in order 
that doping, glueing and painting operations may be carried out successfully. 

In addition to the Annual Overhaul, repairs of any magnitude found necessary to the airframe in 
normal service should be carried out by the Aircraft Overhaul Department in order to take advantage of 
the specialized plant and labour available, and in carrying out such repairs care must be taken to avoid 
adding weight to the structure. 

Commercial aircraft should be re-weighed before the Certificate of Airworthiness is renewed each year 
and some surprising increases in weight have been noted. 

In carrying out repairs “ Approved Schemes” must be adopted, either supplied by the Manufacturer 
of the machine, or drawn up by the Operator and approved by the Directorate of Technical Development 
of the Air Ministry. 

Manufacturers’ drawings must in all cases be used when making up new parts; the old parts must 
not be used as a eal and care must be taken to ensure that all the prescribed manufacturing 
processes are adhered to. 

Alterations in rigging should not, in preference, be allowed at any station except the Main Terminal 
Aerodrome, where they should be performed under the control of one individual. Loss of performance 
and straining of the structure can occur if constant and haphazard alterations are being made by 
different individuals. 

After any major overhaul, adjustment in rigging, or change of a main member or component of the 
engine or aircraft, an air test should be carried out before the machine is returned to service. 

Special records and inspection forms must be kept by the Aircraft and Engine Overhaul Departments, 
and those for the Engine Overhaul Shop, with its diverse operations and tests, need particularly careful 
drafting. 

The schedule of tests required after overhauls will be found in the “ Airworthiness Handbook.” 

The general remarks made above with regard to the overhaul of aircraft apply equally to engines, 
major repairs should not be undertaken by the Maintenance Department or by sub-Stations, whose 
action, except in cases of emergency, should be limited to fitting a new component or engine, and return- 
ing the faulty one to the overhaul shop for repair. 


Even the cleaning and testing of sparking plugs should be done in the Engine Overhaul Shop, 
cleaned and tested sets of plugs being drawn from stores by the maintenance staff. 


The system outlined above, with fall its Schedules, Report Forms and Certificates, is not as involved 
and voluminous as may appear at first sight, and in many cases forms may be condensed. For instance, 
Flight Reports and Refuelling Reports and Certificates may be tabulated and take up only a small space. 

The great advantage of having each individual sign for everything he does is the sense of 
responsibility which it engenders; any failure in service caused by faulty work can be readily and 
definitely traced back to the person responsible. 

The Maintenance and Inspection Schedules, although consisting of a series of numbered items of 
work to be done or points to be checked, are not intended to lay down any hard and fast order in which 
this work or inspection is to be performed. Their purpose is to form a guide to minimum requirements, 
to standardize work, and to ensure that the terms of each Certificate issued on completion of the Schedule 
is clearly defined. 


_ 
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The completed system must be sufficiently elastic to allow competent members of the staff to use 
their discretion with regard to details when need arises. Forms must be as few and simple as possible, 
and the fact of having forms to fill in and duties to perform which are written down in schedules, must 
not be allowed to distort their true value. A man’s duties must not be permitted to become just some- 
thing which he does because it says so in a book and there is a form to be filled in afterwards. 

Everything must be scheduled and recorded, but it is essential to bear in mind that the primary 
object of the Inspection and Maintenance Departments is to keep the aircraft fit for flight, not fill in 
forms. 

There is always a certain amount of danger of a system such as the one described becoming 
unwieldy, and of more time being spent on running the system than on doing the work, with apparent 
rather than true efficiency as the result. 

A certain Frenchman once said that aviation was beset with three grave dangers—l’ Ean, le Feu and 
l’ Administration. This, unfortunately, can be allowed to become only too true. 

After compilation, records should be used to extract information which will show how efficiency can 
be improved. ‘They should be carefully analysed and not just dumped on file, and the files kept should 
be a readily available source of classified information, not merely a repository for paper. 

The Official Log Books called for by the Air Ministry Regulations must be kept in addition to the 
Operator’s own records, but they will contain only a brief précis of the information therein and show 
particulars of main component changes, dates on which Terminal Station Routines have been carried out 
and a record of hours flown. 


STORES. 


The stores of an Air Transport Company require rather more detailed organization than those of the 
Operators of other forms of transport, where costing and problems of the amount of stock to be held for 
service requirements are probably the chief considerations. 

The principal requirement of the stores system of an Aircraft Organization is to ensure that the 
history of all parts can be traced back to source after they have been fitted to any aircraft or engine, and 
that none but materials and parts supplied with a Release Note issued under Air Ministry Authority, 
or a Certificate from a Licensed Ground Engineer, are received into stock. 

Components removed from machines must not enter the main store, but be held in quarantine until 
passed to shops or outside contractors for repair; before re-entry to stores they must have a Release 
Note or Certificate of Inspection, even if they were not removed from aircraft owing to defects. 

“Part used” or “Surplus” stocks must not be purchased unless a Release Note can be furnished 
with them. 

The heating and ventilation of the stores building is important. 


THE OPERATION OF AIRCRAFT ON OTHER THAN SCHEDULED SERVICES. 


Under this heading fall those aircraft operated on special charter work, joy riding, aerial survey and 
other aerial photographic work, flying schools and for special commercial purposes such as crop spraying. 

These aircraft are in many cases based away from regular aerodromes for considerable periods, and the 
Companies operating them cannot be expected to maintain such a complete and specialized organization as 
the Operator who is carrying passengers and goods over regular routes. Nevertheless, in principle the same 
precautions will apply and the Operator should endeavour to organize along the same lines as far as possible. 

It is first of all necessary to consider the safety of aircraft when in the open. They should at no time 
be left unattended, and during the night or in conditions of high wind they should be securely picketed 
down, advantage being taken of the shelter provided by buildings, hedges, haystacks, etc. 

Screw pickets of ample dimensions for the size of the aircraft should be provided and the aircraft 
should be picketed head to wind from four points—undercarriage or propeller boss, tail skid and wing tips. 

It is an advantage to raise the tail in order to reduce the incidence of the main planes and to obtain 
a slight negative incidence if possible. Those rear of the fuselage must rest on the skid and not the bottom 
longerons, and the skid must be rigidly secured to its support and the support to the ground. 

At least eight pickets should be used and in a high wind pickets and lashings should be doubled. 
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The control column must be lashed in the central position and ailerons should be blocked to the 
wings to avoid straining the controls. 


On soft or sandy aerodromes pickets are of no use, and weights or sacks filled with sand should be 
substituted. It is more important to have chocks behind the undercarriage wheels than in front of them. 


Adequate waterproof covers must be provided for propellers, engines and cockpits, and the 
maintenance methods must be such as will counteract any ill-effects of standing in the open for 
protracted periods. 


At least once every month, if at all possible, the machine should be flown to an aerodrome with a 
hangar and proper plant, to enable it to receive a thorough inspection and cleaning under favourable 
conditions. 


With “joy riding” organizations, where one machine is frequently touring the country with only 
a pilot and ground engineer, it is an advantage if it can be arranged for a periodic check on the condition 
of the aircraft by a visiting Official, preferably at periods not exceeding two months. 


A recent amendment to the Air Navigation Directions permits a Pilot to issue the “Daily Certificate 
of Safety for Flight” of the aircraft he is flying if he is in possession of the necessary ground engineer’s 
licences, but this practice is not to be recommended, although it might with advantage be arranged for 
a Pilot, who is a qualified Ground Engineer, to carry out periodic check inspections. 


The greatest care is necessary in connection with refuelling, which will frequently be carried out 
from cans, to ensure that no foreign matter enters the system—a funnel with chamois leather should be 
carried in a bag or case to keep it clean, and the leather should receive frequent inspection for pinholes, 
which might allow water to pass through. Care with the replenishment of oil tanks is of equal 
importance. 

For “joy riding” from licensed fields special precautions are necessary for the control of onlookers 
to prevent accident to them or damage to the aircraft. 


DISCUSSION ON Mr. G. H. M. MILES’S PAPER 


ON 


NOTES ON THE OPERATION AND MAINTENANCE 
OF COMMERCIAL AIRCRAFT. 


Introducing Mr. Miles, Dr. 8. F. Dorey said :—‘ We are to have to-night a lecture entitled ‘ Notes 
on the Operation and Maintenance of Commercial Aircraft.’ It is very nice indeed to have one of what 
might be called our new section of the Staff Association come along and give us this paper to-night, and 
I am sure that, although there may not be as many here as we should like to have, the paper will serve a 
useful purpose to all members of the Association. I will now ask Mr. Miles to deal with his paper in the 
best way he thinks fit.” 


Discussron.—Dr. Dorey. 


I think that we have already signified our approval of the paper, and I think that Mr. Miles can rest 
assured that the paper will serve a very useful purpose for many of us in looking through what is done 
with regard to the whole question of upkeep and maintenance of commercial aircraft. 

I myself feel that this paper is complete in itself. It is not a paper that lends itself to very much 
discussion, and after all is said and done that is a point very much in its favour, for the simple reason 
that we have something complete. When I scanned through this paper myself last night I thought that, 
while a lot of this may not come my way very much, I could visualise how valuable it would be to a 
person like Boyle down in Durban. I would almost feel in his position down there, after looking through 
the paper, that I might consider fitting up an aerodrome. ll the essential facts are there. If I studied 
this paper carefully [ might feel a little bit of a consultant, and I am sure in the hands of Boyle, or in 
distant places where our surveyors are on their own, and someone, not necessarily of their own nationality, 
comes along and asks them for information, that here they have something of real value to guide them 
and assist in some way to give a decision or valuable information to someone else who requires it. 

We are very grateful indeed to Mr. Miles for giving us this most useful paper, and also for the nice 
way in which he rendered it to us. I think he has gone over the essential points very well. In fact I am 
sure we should not have been bored had he elaborated the points in further detail, but he gave us a 
very nice chat about the whole thing, and we much appreciate the good work he has done in compiling 
this paper. 


Mr. CHALMERS. 


I do not propose to discuss the paper in any way whatever, but I do want to add to what our 
President has said and to tell you how glad I am to be able to congratulate Mr. Miles upon writing a 
paper of this sort. Such a paper, I agree with you Mr. President, is one of great value to those of our 
Engineering Surveyors particularly interested in aircraft survey work. 


Mr. REED. 


I should like to add my congratulations and thanks to the author for having managed to write such 
a lucid paper and for having steered clear of terms such as “ailerons,” “dihedral angles,” etc., and so 
made the paper readable to such ordinary mortals as ourselves who have not been lucky enough to have 
been through the aircraft course. 

To those who have been through the course and may be called upon to make a survey of damaged 
aircraft, it will be worth its weight in gold. The paper is full of interest to those of us who would like 
to keep in touch with present day progress, and there are one or two points on which I should like to ask 
for a little further information. 


2 


For example, on page 3, the author mentions steam cooling of aero engines. I should be glad to 
know the details of application of this method. 

Further, with regard to the use of compression ignition, or as they are commonly termed Diesel 
engines, it would be interesting to learn which type has proved most successful, the two stroke cycle or 
four stroke cycle, single or double acting, solid or air injection and so on; also how these engines are 
started up, as it would seem impossible, owing to the high compression, to start them by “swinging the 
prop,” and it is surely impracticable to carry large and heavy air tanks or reservoirs. 

On page 6 the author states that wireless telegraphy is fast superseding wireless telephony in the 
air—this seems strange as telegraphy is slower, needs a skilled operator, cannot be sent and received at 
the same time, etc. I presume, however, his statement only applies to large air liners carrying a con- 
siderable crew. 

I will conclude by expressing my appreciation of the trouble and care Mr. Miles has taken in the 
compilation of this classic paper. 


Mr. JOHNSON. 


I should like to ask the author why it is necessary only to have a skilled navigator on aircraft in 
which ten passengers are carried. It seems to me that any air liner carrying any number of passengers 
requires a skilled navigator. 

I should also like to ask why air routes are seldom arranged in a bee line. I can understand it in 
the case of cities and large towns, but in open country I cannot see why distances should not be shortened 
as much as possible. 

Also, there is a great deal in the paper about the series of schedules for maintenance and examination. 
Are the airworthy certificates subject to these being carried out and what various forms would have to be 
filled in ? Does this also apply to privately owned aircraft, which are issued with an airworthy certificate ? 


Mr. Forsyts. 


I would like to ask Mr. Miles one or two questions about the engines. 

In the statistics he gave us I believe more than 50 per cent. of the forced landings were caused by 
engine failure, and 400 of the failures occurred through valve trouble. 

With overhead-valve engines valve failure may result in complete engine failure. I should like 
therefore to ask Mr. Miles whether in the best makes of engines, such serious valve trouble has been 
experienced as in the type for which he quotes statistics. 

A lot of experimental work has been done in order to find the best material for valves for these 
engines. The exhaust valve may be subjected to a temperature of about 1600°F., and I have heard that 
the on classes of austenitic steels, containing about 30 per cent. chromium and nickel, have given very 

ood results. 
' Mr. Miles also mentioned the testing of these engines, and stated that they were accepted after 
running tests. I would like him to give us details of these acceptance tests. It would be also interesting 
to know if the scantlings are in any way controlled by the Air Ministry—the crankshaft of the engines for 
instance, and other highly stressed parts, also whether much trouble has been caused by crankshaft failure. 

There is another point—the fuel for these engines. 

I do not know what compression ratio is used, but when you get up to about six, you need some kind 
of anti-knock fuel. I would like to know whether the Air Ministry have any Rules regarding fuel or 
special anti-knock fuel. Further, are any tests carried out to ascertain the possibility of vapour lock, 
which I believe has occurred at high altitudes. 

I think these are all the remarks I have to make except to thank Mr. Miles for a very interesting paper. 


Mr. Youna. 


In introducing the subject, the purpose of the paper is announced as being a series of notes to assist 
Ship and Engineer Surveyors in dealing with damaged aircraft. Such a modest statement hardly serves 
to describe the valuable contribution made by the author. It might well be said that the paper goes 
further and forms a groundwork for many of the essential requirements on which to base a specification. 
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Amongst the various points of interest raised is one relating to the falling off in performance from 
increase in weight owing to the use of hygroscopic material. ‘This borders on the larger question of the 
detrimental effect of the accumulation of ice and snow on aircraft. Such accumulation not only adds to 
the load carried, but what perhaps is more vital, alters the effective shape of the wings, thereby affecting 
the relative pressures on their upper and lower sides. 

It would be interesting, therefore, to have the author’s ideas as to what constitutes essential atmos- 
pheric conditions under which it is possible for an aeroplane to accumulate ice and also the means adopted 
to prevent this action. 


Dr. Dorey. 


I am sure Mr. Miles will be very pleased at the way the discussion has gone and I myself am very 
pleased indeed because, although there is not a very great attendance, we have had one or two interesting 
points before us. 


REPLY BY THE AUTHOR. 


To Mr. ReEep.—It is regretted that it is impossible to publish any details of steam-cooled or 
compression ignition engines as both these types are on the Air Ministry’s “Secret List.” 

With regard to compression ignition engines, it is believed that only the four-stroke cycle has so far 
received attention but both single and double acting types with solid and air injection have been 
constructed and both air and water cooling have been employed. 

Propeller “swinging” as a method of starting has long been discontinued on engines of over 250 
horse-power and the author has seen an air-cooled type of compression-ignition engine of just over 400 
horse-power, started from cold with the greatest of ease by means of a hand starting gear operating on the 
rear end of the crankshaft. Actually, compressed air bottles for engine starting are carried aboard some 
types of commercial aircraft, and light hand and electrically operated inertia-starters have now been 
developed to a high degree of efficiency and could be used for the starting of compression ignition engines. 

The principal advantages of wireless telegraphy as opposed to telephony are the increased range and the 
greater absence of distortion of the signals. In the interests of efficiency this is considered to more than 
counterbalance the disadvantages mentioned by Mr. Reed. 

The use of wireless telephony is almost non-existent on the continental air lines, even the smaller 
types of aircraft carrying a wireless-operator in addition to the pilot. 

To Mr, Jounson.—The regulations of the Air Ministry require that a licenced navigator be aboard an 
aircraft plying for hire or reward which carries ten or more persons including the crew; it is certainly 
paige that a skilled navigator be aboard all commercial machines but there is no regulations to this 
effect. 

With reference to the selection of aerial corridors, it may be said that they do tend more and more to 
follow a “* bee-line.” ‘The London-Paris corridor shown was the first one to be established when regular 
services were commenced between these two cities, but it is no longer followed by modern multi-engined 
aircraft which are able to maintain height with one engine out of action, and have a very slow rate of 
descent with two engines stopped. This corridor is still followed, however, by the majority of single 
engined aircraft, in order to take advantage of the short sea crossing and the chain of emergency 
landing grounds available. 

Even multi-engined aircraft still deviate from a “ bee-line” on certain routes. Over mountainous 
country, for instance, a deviation may enable the machine to follow a valley which offers some chance of 
effecting a successful forced landing, rather than cross the main range. The London-Paris corridor 
followed even to-day by multi-engined aircraft is not an absolute straight line. 

The Airworthiness regulations call for the compilation of “ Daily Certificates of Safety for Flight” 
and Log Books only. The other documents described in the paper are used by operators as an aid to 
maintenance efficiency and to facilitate compilation of records. These documents and the ‘“ Daily 
Certificates” are not necessary in the case of privately owned aircraft. 

To Mr. Forsyra.—The statistics quoted were obtained during the years 1928 and 1929, and were 
the latest accurate detailed statistics available. The engines to which they relate may be considered to be 
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representative of the very best types then in use. Progress has certainly been made since that time, and 
the figures would not present an accurate indication of the failures to be expected on more modern 
engines and aircraft. 

All these engines had overhead valves, but it must be pointed out that in the compilation of the 
statistics the valve mechanism was grouped under one head, and the failures therefore relate not only to 
the valves themselves, but also to the valve seats and actuating gear. 

As stated by Mr. Forsyth, the nickel-chrome alloys are giving good results, notably the now well- 
tried K.E. 965, which contains 12 per cent. nickel, 12 per cent. chromium, and 3 per cent. tungsten. 
Experiments with valve steels are still proceeding also with “salt-cooled” valves, ie., with metallic 
sodium inserts in the stems. 

The valve seat is intimately connected with the problem of valve burning owing to the possible 
distortion of the seat, and alloys containing up to 20 per cent. of tungsten and nickel-chrome-manganese 
alloys are now being introduced for the seats, which are screwed and shrunk into the cylinder-heads. 

The detailed requirements for engine acceptance tests may be found in the “ Airworthiness Hand- 
book.” The main particulars are as follows :— 


1.—Typre Tests, L£., TESTS OF THE First ENGINE oF A New Type. 


The test is commenced and concluded by taking power and throttle consumption curves. An 
endurance test of 50 hours is run in five non-stop periods of ten hours each. ‘The first 20 hours are run 
on a brake at ,%ths normal power and at normal R.P.M. The next 20 hours are run as a thrust test, an 
airscrew calibrated to absorb ,®,ths normal power at normal R.P.M. and to give a thrust of approximately 
44 Ibs. per H.P. being used. 

The last ten hours are run on a brake, the first nine hours being run at full throttle at the calculated 
“take off” speed and the last hour at full throttle and normal R.P.M. 

Slow running and acceleration tests are then carried out. The engine must open up from lowest 
possible R.P.M. to normal R.P.M. in five seconds without excessive vibration or irregular running, and 
must run reasonably well at at least a reduction of 70 per cent. of the normal R.P.M. 

At the conclusion of these tests follows a high speed test—the engine must run continuously at five 
per cent. in excess of the maximum permissible R.P.M., the load being at the discretion of the constructor. 

Then follows a high power test, the engine being run for one hour continuously at full throttle and 
at maximum permissible R.P.M. 

The engine is then stripped for examination and no vital part must require renewal due to failure or 
excessive wear. 


2.—ACCEPTANCE TESTS FOR SERIES ENGINES. 


Engines are given a two hours endurance test at normal R.P.M. and 90 per cent. normal power 
except for the last five minutes when the engine is run at full throttle. 

The engine is then stripped for examination in the same manner as at the conclusion of the “ Type 
Test,” and is then subjected to a final test of half-an-hour under the same conditions as on the endurance 
test. 

Power and consumption curves and tests of acceleration, slow running and satisfactory independent 
running on either of the dual ignition apparatus are also made. 

“Normal R.P.M.” is the maximum crankshaft speed at which the engine may be run for long periods. 

“Maximum R.P.M.” is the maximum safe crankshaft speed at which the engine may be run for 
short periods, e.g., five minutes and must be at least ten per cent. in excess of the normal R.P.M. 

Crankshaft breakage on British engines which have reached a production stage is practically unknown. 
There are no “‘scantling sizes” set by the Air Ministry, the “Type Test” being relied upon to prove 
robustness of construction. 

With regard to anti-knock fuel, the Air Ministry require that all fuel for civil purposes should be to 
an octane number of 70 to 73, although the introduction of fuels of a higher octane number for general 
civil use may be expected. 
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The octane number has been defined as “the percentage by volume of iso-octane in a mixture of 
iso-octane and normal heptane which matches the fuel tested in ‘detonation’ value,” iso-octane and heptane 
being the two pure hydrocarbons which have been found to possess the most pronounced anti-knock and 
pro-knock qualities respectively. 

Sample fuels are tested against standard reference fuels in a knock rating engine. 

There are no tests laid down to ascertain the possibility of vapour lock, but there are rules governing 
the lay-out of petrol systems included in the Airworthiness handbook. Should vapour lock occur it can be 
overcome almost invariably by a simple re-arrangement of the fuel system. 

To Mr. Youne.—The problem of combating the deposition of ice and snow on the wings of air- 
craft is one on which very little experience has been gained in this country, as our air routes lie over areas 
where snow occurs in the form of showers, and there is no heavy precipitation over a large area. 

Really heavy snow showers in the neighbourhood of terminal aerodromes have always entailed the 
cancellation of services, but it is frequently possible to make a detour of snow showers encountered on 
the route. In Eastern and Central Europe many services are discontinued in the autumn and 
recommenced in the spring. 

Ice formation has been known to build up during showers of both sleet and snow, but the experience 
on British air lines is that carburation has usually been affected before snow has built up on the wings, 
and in one instance a forced descent was made through snow having blocked the vent-pipe of the petrol 
tank with consequent failure of the fuel supply. 

From time to time the question of heating the leading edges of the planes from the exhaust system 
has been discussed but dismissed owing to the serious addition which would occur to the structure weight. 
The Goodyear Company of America have patented a pneumatic device which comprises a covering 
extending along the leading edges of the wings, air is supplied by an engine-driven pump, and momentary 
inflation of the covering is intended to break up and dislodge the ice formation. No information is avail- 
able as to the practical application of this device. 

It may perhaps be considered that this problem will tend to solve itself together with other 
navigational difficulties owing to the general advance in design which is in sight, and that with im- 
proved performance and navigational aids aircraft will he able to climb above the snow clouds at a speed 
which will render the accumulation of snow negligible and afterwards fly to their aerodrome of 
destination by the aid of instruments and wireless. 

In conclusion I should like t6 express my keen appreciation of the interest taken in the paper, and 
the very kind manner in which it has been received. 


NOVEL REPAIRS AND UNUSUAL 
FEATURES. 


CRANKSHAFT REPAIR. 
V. C. BuLow (Gothenburg). 


REPAIRS TO THE FIRST WELDED SHIP. 


A. Scorr (Vancouver, B.C.). 


BOILER REPAIRS AT ANTWERP. 
C. H. L. Pmprror (Antwerp). 
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CRANKSHAFT REPAIR. 
VY. ©. BuLtow (Gothenburg). 


When part of the crank shafting of a 2,500 ton motorship, built in 1922, was examined at this port 
some months ago, a fine crack was found at the after end of No.5 crank pin. This crack, which was 
hardly detectable for the naked eye, extended for a length of 43 per cent. of the circumference of the shaft. 

The crank shaft was solid forged, and it will be observed from Fig. 1 that the fracture was in the part 
of the pin where the material would be likely to receive the minimum of forging. 

In order to ascertain the depth of the crack, a hole was drilled at the place where it was thought the 
fracture would probably be deepest, and it was found that the crack at that place extended to a depth of 
about 63 mm., the crank pin itself being 378 mm. in diameter. 

It was, at first, recommended that this shaft should be renewed before the vessel proceeded to sea 
again, but as she was loaded with a cargo for the U.S.A., after careful consideration the following 
temporary repair was effected on my recommendation, in order to enable the vessel to proceed on her 
contemplated voyage and back to Europe, viz. :— 

A hole was drilled eccentrically through the webs and crank pin, the centre being 50 mm. nearer the 
fractured side, and a steel bolt was fitted in this hole. In order to withstand fatigue strains better, this 


bolt was made of steel of high tensile strength. The tests on the bolt material gave the following 
results :— 


Tensile strength ae a A 60°8 kg.Jmm?. 
Elongation... ae tae os 32-2 per cent. on standard length. 
Bend test 


ata a. 180° with sides touching. 
Both the webs were recessed to take the head of the bolt and the nut repectively. The bolt was 
170 mm. in diameter in way of the crack and 160 mm. at the forward end. (See Fig. 1.) 

It was considered desirable to have the bolt a tight fit, especially in way of the crack, but it was also 
necessary to ensure that compression was obtained in the crank pin across the crack. 

At the nut end, the bolt was turned down to the bottom of the threads in order to obtain better 
elasticity in the bolt. A 30 mm. hole was also drilled longitudinally through the centre of the bolt inside 
of which heat was applied before starting to screw up, thus ensuring a better tension on the bolt. 

Although it took nearly two hours to drive the bolt home with a heavy drop-hammer, oil appeared 
for nearly the whole length of the crack when the bolt was screwed up tight, indicating that the fit was 
not too tight to prevent the drawing together of the material across the crack. A hole was also drilled at 
each end of the crack. 

A fracture in a crank pin is very often due to the fact that one or both of the adjacent main bearings 
is worn down and on examination the latter was found to be the case. The white metal in the lower 
halves of both of the adjacent main bearing brasses was therefore renewed, and the bearings carefully 
adjusted as far as possible without lifting the shaft. 

The normal revolutions of the engines were 90 per minute, but it was recommended to reduce these to 
80 during the contemplated voyage. 

After the temporary repair was completed the vessel proceeded on her voyage to different ports in the 
U.S.A. and back to Gothenburg via Stockholm and Helsingfors. 

When the shaft was examined on the vessel’s return to this port it was found that there was no 
extension in the crack whatever. 

The Owners submitted that the vessel should be permitted to go another voyage, but it was recom- 
mended that the repaired shaft, which was the after one, should be renewed before the vessel proceeded to 
sea again. 

When the defect was first found in the crank pin, all the remaining crank pins were on our recom- 
mendation again carefully examined, although they had been surveyed previously and found to be apparently 
in good order. 

In reality not only the crank pins, but the whole of the shafting ought to have been examined as it is 


impossible to be sure of the soundness of any parts of a shaft when cracks appear in one place or another 
due to fatigue of the material. 
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After the vessel’s return to this port from her voyage to the U.S.A., it was recommended to have the 
whole of the crank shafting examined and lifted and all bearings tested for fairness. When examining 
the shafting it was found that two webs of the forward and one of the intermediate crank shafts were 
fractured crosswise close to the main bearing journals. (See Fig. 2.) These fractures were probably due to 
the webs being too thin. For a built shaft the thickness of the webs would be satisfactory, but for a solid 
forged shaft the thickness ought to be increased. 


Tt was consequently recommended that all three crank shafts should be renewed. 
It was also recommended that the new shafts should be built, if possible, instead of solid forged, but 


as the stroke was too short to permit the crank pin as well as the journals to be shrunk on, semi-built 
shafts had to be fitted. 


If the whole of the crank shafting had been examined before the vessel proceeded on her voyage to 
the U.S.A., the defects in the crank webs would possibly have been detected as the fractures had probably 
then already commenced to develop. 


When the after crank shaft had been taken ashore, the bolt through the fractured crank pin was 
removed and the pin broken by means of a hydraulic jack placed between the webs. At about 300 tons 
pressure, the pin broke right off. (See Figs. 3 & 4). 


Test pieces were taken close to the surface of the defective crank pin, one tensile and one bend test 
piece from the inside of the pin in way of the fracture, and likewise from the opposite side of the pin. 


The result of the tests were as follows :— 


Limit of Tensile Elongation on 

elasticity. strength. standard length. 

Kg./mm?. Kg./mm?. Per cent. 
Material in way of fracture ... on me 19°1 38°5 36°8 
Material on opposite side of fracture... v8 20°5 43:1 35°5 


Both bend tests 180° without fracture (sides touching). 


It will be seen that the tensile strength of the crank pin material on the outside of the pin, though 
below the Rule requirements, was 4°6 kg./mm? higher than that of the inside, due to the better forging 
the outer part had received and probably also partly due to fatigue of the inner part. 


The ingot, from which this shaft was forged, weighed 28 tons and the sectional area was 2,180 sq. in. 
Test pieces taken from this ingot showed the material, previous to forging, to have a tensile strength of 
52°4 kg./mm? with an elongation of 38°6 per cent. on a length of 50 mm. 


The tensile strength of the shaft, in accordance with the original forging report, proved to be 50:1 
kg./mm? with an extension of 41:3 per cent. on the standard length. The test pieces which gave this 
result had been taken, as usual, at one of the ends of the shaft. 


As is well known, a built crank shaft is more reliable than a solid forged shaft, as every part can be 
properly forged down. A built shaft is also more flexible which, without doubt, is an advantage. The 
majority or perhaps all of the solid forged crank shafts fitted in the earlier Diesel vessels have been 
renewed, generally due to fatigue cracks, when they have been in service from 8 to 15 years. 


For the last 10 years, built crank shafts have, as a rule, been used for large Diesel engines. Lately 
solid forged crank shafts have been ordered, though, for the motors of two 12,000 tons Diesel vessels at 
present building in Sweden. 


The manufacturers of these shafts, a continental firm, inform us upon enquiry that they have used 
ingots weighing 46-5 tons for these shafts, which weigh about 21 tons each in finished condition. They 
also state that they used ingots of such dimensions in order to obtain about triple forging down in the 
greatest section of the forgings, i.e.,in the throw. In addition to this, the throws of the crank shafts were 
forged by a press of a much greater pressure than normally used for parts of equal dimensions, and specially 
large forging blocks are used. Thus they obtain a very intensive forging down of the material right to 
the centre of the throw section. 


We have informed the manufacturers that, in spite of their precautions, we consider built crank shafts 
more reliable than solid forged ones. 
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REPAIRS TO THE FIRST WELDED SHIP. 


A. Scorr (Vancouver, B.C.). 


In view of the progress in electric welding for ship work, Mr. Sellex’s contribution dealing with the 
repairs to the “SHEAN” is most interesting and instructive. 

The nature of the damage, and the method of repair, clearly indicate that electric welding of seams 
and butts when carefully carried out, is capable of withstanding distortion without failure. 

The “Suan” was brought to British Columbia about six years ago, and has given very satisfactory 
service in the coasting trade. 

The welding has been closely examined at each annual survey, and no failure, due to ordinary service 
conditions, has been found. 

In addition to the excellence of the welding, it is extremely interesting to note that corrosion is 
entirely absent throughout the vessel, except in the shell rivets in way of the double bottom fuel oil tank, 
to which Mr. Sellex refers. 

In 1929, when the ship was nine years old, and the No. 2 Survey had been carried out, the notation 
“subject to annual survey” was amended to read “subject to biennial survey.” 

In October, 1930, the “SHean” had the misfortune to run head on to a cliff at full speed, doing 
extensive damage to her stem and bow plating. 

The photographs show clearly that the electrically welded seams withstood the impact equally as well, 
if not better, than the solid plates. 

The weather conditions in British Columbia in winter time are too uncertain to warrant an attempt 
to duplicate the class of welding carried out when the vessel was constructed, and the bow repairs were 
riveted. 

The accident does, however, afford a further opportunity of estimating the value of electric welding 
for ship work, and inspires a confidence which may some day result in the elimination of the word 
“experimental.” 


BOILER REPAIRS AT ANTWERP. 


Mr. C. H. L. Pilditch writes that many interesting boiler repairs have been carried out at Antwerp, 
and in particular mentions the case of a vessel which developed a leaking condenser on a voyage round 
the !lorn, causing the boiler furnaces to come down. On arrival at the nearest port it was found 
impossible to obtain new corrugated furnaces of the requisite size in time, consequently it was decided to 
renew the worst two furnaces with plain furnaces, one inch in thickness, and to fair the remaining 
furnaces. 


This was done, and the vessel arrived home, where all furnaces were renewed. 


Mr. Pilditch states that in view of the maximum rule thickness for furnaces, it was interesting to 
note that when the one-inch plain furnaces were cut out they were found to be in good condition. 

In this connexion, however, it should be noted that the furnaces in question were only in use for the 
duration of one voyaze, and consequently sufficient time had not elapsed for a deposit of dirt and scale 
to have accumulated, and so give rise to possible trouble. 


LLOYD’S REGISTER STAFF ASSOCIATION. 


ANNUAL MEETING. 
26th April, 1933. 


The President, Dr. 8. F. Dorey, occupied the Chair. 
The Minutes of the previous Meeting were read and confirmed. 


Arising out of the Minutes the Chairman said that the question of a President being elected by the 
Outports had been considered by the Committee of the Association. He stated that the matter was 
discussed as long ago as 1925, when a decision was reached at that time that the scheme was not 
practicable owing to expense and time involved in travelling to and from London. The member who 
raised the enquiry has been informed in these terms. 


The financial statement was then read by the Hon. Secretary, and pleasure was expressed at the ver 
satisfactory balance in hand. Mr. Watt moved, and Mr. Ritchie seconded, that the accounts be adopted. 


Dr. Dorey. It is usual at this time for the President to make a speech dealing with the work of 
the Association during the past session, so I feel it is only right I should take advantage of the 
opportunity to refer to what has been done. 


In the first place, I think we did very well to get Mr. Sturge to give us a lecture. It was a new 
departure, and quite a good departure, because it brought the higher officials of the Society in contact 
with Members of the Association. 


We also had several papers of interest, such as “ Behaviour of Steel at Elevated Temperatures,” by 
Mr. Reed and Mr. Forsyth; “Electric Welding,” by Mr. Akester; and “Operation and Maintenance of 
Commercial Aircraft,” by Mr. Miles. In other words we had four papers. 1 think myself, judging by 
the discussion which ensued, that these papers were well received. At the same time, I cannot help 
commenting on the fact that the attendance was not all that could be desired. It seems to me that in 
these hard times we have to consider not only the question of cutting down expense but the question of 
whether, if the Staff Association Meetings are not properly attended, we have a reason for carrying on 
the meetings, and I do not think we should allow ourselves to get into that state. I feel that every 
endeavour should be made to attend these meetings, so that we can say quite frankly that we are getting 
a good attendance. It is not sufficient just to read the papers but take no part in the discussion of them. 


In a recent letter from an outport member he expressed the hope that we should have a successful 
session. but he has never given a paper nor contributed towards a discussion, which makes me wonder what 
he would consider a successful session. 


I would call to your mind that, while we did cut down one paper last year, these papers are quite an 
expense. I think this is a fitting opportunity of expressing our grateful thanks and appreciation to the 
Committee of Lloyd’s Register for the assistance they give in printing and circulating the proceedings of 
this Association. 


If you remember, we issued last year a brochure dealing with novel repairs. At present we have not 
much we could put in to give an issue this year, but if Surveyors are unable to attend meetings perhaps 
they would bear this in mind and give us something of interest. I think our Secretary might again draw 
the attention of outport members to this, which does give them an occasion of bringing to the notice of 
members of the Association something of definite interest which they have encountered in their daily work. 


I have, of course, been helped through the last year by our worthy Honorary Secretary here, and I am 
glad to think that we have also had the pleasure of Mr. Cook and Mr. Stevens in taking down what is said 
in the discussions. This, to my mind, should certainly be an incentive to members to say something on 
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the spur of the moment. Instead of having to prepare something beforehand, they will only have some- 
thing to correct, and not have to try and remember what they have said a month or two afterwards when 


our conscientious Secretary has toremind them. It is a great pleasure that these two gentlemen have been 
able to give us their time. 


I might also mention that Mr. Fowler has rendered very good work in typing up the discussions, 
papers, etc., for the Staff Association. 


Turning to the question of next session, we have already four papers, and I suggest, as these papers 
are not only promised but definitely in preparation, it is quite enough for us in these times. 


There is a paper being given by Mr. Freeman, who will give the usual open special lecture; 
Mr. Murray will give us a paper on “Three Island Ships,” Mr. Brooke-Smith on “Surveying Duties in 
the Far East,” and Mr. Balfour on “The Strength of Ships.” That completes the whole programme. 


I do not know whether I should refer to another matter now, or bring it forward in the other 
business, but seeing that I virtually retire at this time, before any elections take place, I will mention 
another point in connexion with the meetings. 


It has been usual to have the meetings on Wednesday evenings, and I feel perhaps it might be 
advisable, particularly in the winter, to change our evening to Thursday. If we have the meeting on 
Thursday, it means there has been a fire in this room, and the room is warm. Quite frequently it is very 
cold in this room. ‘There is never a fire in here on Wednesdays, and to have one would mean that the 
room would have to be dusted for the General Committee meeting on Thursday. I would, therefore, 
suggest it might be arranged for our meeting to be held on Thursday. Perhaps someone would like to 
say something later on. 


In conclusion, I have to thank you all for the help you have given in various ways, particularly 
the Committee, and I should also like to thank the members of the Reading Committee, who lise to do 
quite a lot of work—in fact, they get most of the donkey work. Although this year we have had papers 
from Surveyors in this country, last year there was a great deal of work entailed in making a good 
statement of the discussions to the papers given by Surveyors, some of them from abroad. 


NOMINATION OF PRESIDENT, SECRETARY AND COMMITTEE. 


Mr. THomson. I have great pleasure in peat that Dr. Dorey be re-elected President. From 
the early days of our Association he has been one of our stalwarts—he has contributed several papers, and 
taken part in discussions, and altogether has lent a very active support. When we a him we felt 
we had the right man in the right place, and experieuce has amply confirmed that. I am sure we cannot 
do better than re-elect him to this office, which I am sure will be a matter of satisfaction to all the 
members of the Association. 


Mr. Ports. I have very great pleasure in seconding Mr. Thomson’s proposal, and in endorsing in 
all respects the remarks he has made in connexion therewith. 


Dr. Dorey was then re-elected to the position of President. 


Dr. Dorey. I have to thank you for permitting me to carry on for another year. I can only say I 
am very happy to do so. It calls for a little extra work, but I am keenly interested in the Association, 
and I can only hope that some of the remarks I have made before will be considered, and that we shall 
have a successful session to come. 


Mr. Heck. In regard to the position of Hon. Secretary I venture to place before you the name of 
Mr. Reed, who, I am sure you will agree with me, has fulfilled the position during the previous year with 
complete acceptance. His enthusiasm, I am sure, and his ability to assist in directing the affairs of the 
Association have contributed largely to the success of the Association. Moreover, he has been good enough 
to intimate that we may expect a continuance of these favours, and I have much pleasure in making this 
proposition. 

Mr. Biocxsmpez. I have very much pleasure in seconding this proposal. 

Mr. ©. W. Reed was then re-elected as Honorary Secretary. 
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COMMITTEE. 


CHarRMAN, There is a vacancy on account of Mr. Townshend being sent to Gothenburg. 


Mr. GemMety. We have lost a valuable member in Mr. Townshend, and -it is proposed we elect 
Mr. Murray in his place. As regards other members of the Committee, they have carried out the work 
of the position very satisfactorily indeed, and I am sure that we as a representative body of electors would 
do well to re-elect the Members of the Committee. I, therefore, have much pleasure in proposing that the 
present members of the Committee be re-elected, with Mr. Murray taking the place of Mr. Townshend. 


This was seconded by Mr. Johnson and carried. 


Mr. Balfour asked whether number of attendances of members of Committee could be furnished, so 
that it could be seen how members are attending to the duties. 


The matter was not, however, proceeded with. 


Dr. Dorry. Iam very glad Mr. Murray has been elected to the Committee. He has taken part in 
several discussions, and he is also giving a paper next session, and, of course, it is necessary to consider that 
in Mr. Murray we have a man who can join in the work of reading through the papers, particularly as he 
will be indoors, and, I hope, always available. 


ANY OTHER BUSINESS. 


It was proposed and seconded, and agreed, that the meetings of the Association should be held on 
Thursday evenings, and the question of the alteration of Rule 8 was referred to the Committee. 


Mr. Watt. There is one point about next session. We are only going to have four meetings. 
Last year there was some excuse, when we were engaged night after night on our official duties, but it 
does seem to me we should now get our full quota of meetings, in order to fill the conditions of the 
Constitution, so that we can meet every month. I see no reason why we should restrict ourselves to four 
meetings if we can get the papers, and I understand there are several papers offered. 


Mr. Brocxsipee. Could we not have two dates to be given up to discussion of suitable subjects ? 
The matter was referred to the Committee for consideration. 


Mr. Cuaumers. We cannot let this meeting dissolve without doing our duty towards our President-- 
not only our duty, but our pleasure. Dr. Dorey has given an enormous amount of time and attention, 
very enthusiastically, for the benefit of the Staff Association, and we cannot do more than express to him 
in the usual way our profound thanks for what he has done for us. Beyond this he is taking on the 
Presidency for the ensuing season, which is a very brave thing to do, considering the position he is now in, 
and the work entailed. 


He has established a precedent. The Staff Association has never had a Chief Surveyor as its President. 
We have that now, and with pride, not only because we have Dr. Dorey as President, but because we, as a 
body, have established a precedent. I ask you to express your thanks to Dr. Dorey in the usual manner. 


Dr. Dorey. I have to thank you and Mr. Chalmers for his remarks, and can only assure you again 
I shall do everything possible to see we have a successful session. 
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Noven Reparrs.—Mr. Von Bulow’s contribution. 


Fig. 4. 
Nove Reparrs.—Mr. Von Bulow’s contribution. 


Birges is Bigs 2: 


Fig. 3 


Nove. Reparrs.— Mr. Scott’s contribution. 
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